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SCIENCE PROGRESS 

AN EXTINCT MALAYAN FLORA IN ENGLAND 


By A. C. SEWAHJ3. Si .I).. F.R.S. 

Pmfmgor of Butantt m the Vntperftty of Cambndge 

The title chcisen for this article in not a mere fancy of my own ; 
it in the expresBion of a remarkaVUe concluBion, boned on ample 
evidence and elaborated in a volume—the London Clay Flora —by 
Mrs. E. M. Reid and Miss M. E. J. Chandler, recently published 
by order of the Trustees of the British Museum. le outstanding 
merits of this most welcome contribution to the strange history of 
the British Flora has been officially recognised by its publication 
ill the largest form of Museum “ Catalogue ” hitherto devoted to 
fossil plants ; the size of the volume and the high standard of the 
printing and illustrations are worthy of the contents, which repre¬ 
sent the results of seven years' intensive study of several thousand 
specimens of fruits and seeds by the two lea^ling ex|X5rt8 in a fruitful, 
very difficult, and highly specialised branch of botanical research. 

The Flora of the Iainoon Clay 

We will first confine attention to the nature and affinities of 
the Lower Tertiary Ixmdon Clay flora and then briefly consider 
it in relation to other floras ; some of earlier date and others w’hich 
liave left records in sediments of different ages connecting the 
flora of the London Clay with the present plant-population of 
Britain. 

The table on page 2 includes the various geological series to 
wliioh reference is subsequently made and shows the position of 
the London Olay in relation to other plant-bearing beds * the plants 
with which we are mainly concern^ lived m the earlier part of 
the Tertiary era, at a time separated from the present by, let us 
say, rather less than 100 million years. Underlying London there 
is a considerable thickness of marine, blue-grey clay through which 
we travel in the underground railway : 

There where the long street roars, hath been 
Tlie stiUnoBS of the central sea. 
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The same formation extends over a wide area in south-eastern 
England ; in many districts it determines the surface features; 
in others it lies hidden below later deposits of sand and gravel. 
In Essex the clay reaches a maximum thickness of about 500 feet; 
in Wiltshire, nearer its western boundary, it is only a few feet in 
depth : the same clay occurs in Hampshire and the Isle of Wight, 
and is represented by sedimentary material of the same age in 
Belgium and northern France. On the north coast of Kent in the 
island of Sheppey the clay forms cliffs 200 feet high, which have 
yielded the richest collections of frtiits and seeds. It is noteworthy 
that the fossils were not actually found in the clay but picked up 
on the foreshore at Sheppey, Heme Bay and otJicr placses where 


QUATEKNARY PERIOD 
TERTI.4RY PERIOD 


CRETACEOUS PERIOD 

JURASSIC PERIOD 


The premmt 8t4ige pasaiiig iiiij>t>roeptibly into 
stage 

Glacial stage 
Pliocene stage 
Crornenan flora 
Teglian flora 
Castle Eden flora 
Rouvormn flora 
Miocene stage 

not represented in England 
Ohgocene stage 

Bernhridge and Bovey Tracey floras 
Eocene stage 
Hordle flora 

LGND(JN CLAY FLORA 
Upper Oetaceoiis 

(vc'ry few plants m Engliali rtx'ks) 

Ixjwor Cretaceous 
Wealden flora 

Rich plant'beds in Yorkshire 


they occur in company with brown nodules of iron pyrites and 
white flints, the refuse that remains after the ceaseless eroding 
action of the sea. The clay is a sea-mud deposited on the floor 
of a large estuary and in comparatively shallow water which covered 
a considerable portion of the land that is now south-eastern England. 
A large river, flowing from a source which cannot be definitely 
located, carried in suspension far beyond its mouth the finer scour- 
ings from the valley-rocks and on its surface drifted logs of wood 
—showing signs of long floatation in the holes bored by Teredo — 
broken twigs of trees and iimumerable fruits and seeds, which with 
bones of crocodiles, sea-snakes and the hard parts of many other 
animals were eventually entombed in the water-borne sediment. 
The wood and other flotsam from the forests serve as samples of 
the vegetation which grew on the borders of the sea and along the 
mud-banks. The London Clay, unlike many other planf.-hftii.r ing 
sedimentary rooks, has not furnished impressions of recognisable 
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leaves ; it provides a rich store of reproductive organs which, with 
pieces of wood, were carried as floating rafts to a greater distance 
than the foliage Mrs. Reid and Miss Chandler quote a description 
given by H. N. Moseley, the naturalist of the Challenger Expedition, 
of driftwood and fruits off the coast of New Guinea whore the great 
Ambemoh River runs into the sea ; a description which reads “ as 
though it were the authentic record of what had existed in the 
London Clay sea millions of years ago.” The sea was connected 
with the Tethys ocean farther south, which for many ages stretched 
across the world from west to oast in a deep and slowly subsiding 
trough, the collecting-ground of sediments of successive geological 
lieriods that were destmed to be upheaved, not long after the period 
of the London Clay, into the Alps, (Carpathians, Balkans, and Hima¬ 
layan mountains. When the clay was being spread over the sea¬ 
floor there were no transverse barriers of alpine chains in the path 
of wandering plants ; routes of migration between north and south 
were still open. Later in the Tertiary era, when the greater part 
of the Tethys had been transformed into ranges of mountains, limits 
were set to the free interchange of plants from one region to another ; 
and, as we shall see later, this geological revolution M as a determining 
factor in re<lucing the Eurojican floras of the Tertiary period to 
a {losition far inferior to those of North America and the Far East. 
The present relatively pixir botanical province, of which the British 
Flora is a humble comjionent, owes its inferiority to geological 
causes. The history of the plant-Morld is closely bound up with 
the history of the rocks . the geologist sets the scenic background ; 
the botanist reconstructs part of the drama. 

The fossils of the London C!lay attracted the attention of natural¬ 
ists as long ago as the early part of the eighteenth century, but 
it was not until well into the nineteenth century that a serious 
attempt was made scientifictally to study the fossil plants. In 
1840 Dr. J. S. Bowerbank (1797-1877), a city merchant, whose 
business demanded ” constant and careful attention for at least 
twelve hours a day,” published a volume entitled A History of the 
Fossil Fruits and Seeds of the Ijondon Clay, the only instalment of 
a projected series of five parts which was issued. Bowerbank’s 
work is described as a model of what a palseobotanical study should 
be; he made many mistakes; but when we remember that he 
wrote nearly a century ago and that his scientific work was done 
after a hard twelve-hours business day, we can only admire his 
determination and his successful cultivation of a hobby. Lists of 
Sheppey plants published by Baron Ettingshausen and other 
professional authors are practioally valueless. The Bowerbank 
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Collection, acquired by the British Museum in 1865, also a lai^ 
collection made by Mrs. Reid and Miss Chandler, and presented by 
them to the Museum, are the chief sources from which the latest 
information has been obtained. It is interesting to note that in 
the course of two short visits to Sheppey and Herne Bay the authors 
gathered more than a thousand specimens representing 122 species, 
67 genera, and 34 families. All the fossils were found on the fore¬ 
shore and it was only after'a good deal of practice that fruits and 
seeds could be detected among the nodules of pyrites and other 
pebbles on the beach. Fruits and seeds are themselves impregnated 
with pyrites which fills cavities and spaces, and it needs no little 
care and experience to distinguish between plant-structure and the 
introduced mineral. Apart from difficulties caused by methods of 
preservation and the partial destruction of external features by 
maceration in sea-water and subsequent abrasion, there is the serious 
difficulty of obtaining fruits and seeds of living plants with which 
to compare the fossils. Very little attention has been paid by 
systematists to the structure of fruits and seeds as diagnostic char¬ 
acters : no standard collections were available. The authors had 
to make their own collection from herbarium material in Europe 
and through the co-operation of botanists in many parts of the 
world. Now that the authors have demonstrated after many years 
of laborious work that friiits and seeds have a very high value as 
guides to affimty, botanists are beginning to realise that herbarium 
material is insufficient and inadequate for paboobotanical purposes 
unless it includes mature reproductive organs. The determinations 
are based upon many characters in addition to external form, which 
is often misleading even when the specimens are intact; they rely 
chiefly upon internal structure, the number of carpels in a fruit 
and their arrangement, the methods of dehiscence and of germination. 
It is only an optimist who would expect to find in battered fruits 
evidence of methods of germination, but fortunately the authors 
are optimists and to their persistence and ingenuity in devising a 
suitable technique, the fossils have yielded up their secrets. Prom 
a comparison of many extinct types of fruit with their living repre¬ 
sentatives light has been thrown upon the nature of evolutionary 
changes in constructional plans. In some instances the London 
Clay fruits differ from those of recent species or genera in having 
a liucger number of locuU : in the genus Nyasa, for example, a North 
American, Himalayan and Malayan tree, the frruit has a single* 
loculus, whereas fruits of extinct Tertiary species have three to 
four loculi. Other genera furnish similar evidence of reduction 
in the course of evolution. 
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Excluding Diatoms, which are represented by several forms, 
234 named species are recorded : 2 species of Chara, 5 species of 
conifers and the rest flowering plants. The flora of the London 
Clay as represented by the available samples is unquestionably very 
far from complete : when we speak of the composition of an extinct 
flora we usually mean lists compiled from the waifs and strays that 
were swept by rivers into deltas and other areas of deposition. 
The London Clay flora was certainly not composed almost entirely 
of dicotyledons as the published lists would seem to suggest; there 
must have been many more conifers than the few that have left 
traces in the clay, and it is equally certain that ferns and their 
allies also played a part in the vegetation. At the best a fossil 
flora is only a selection of certain tjqies of plants which grew in 
localities near enough to flowing water to furnish a few examples 
for us the “ afterthoughts of Creation.” Moreover, as we have 
seen, the debris preserved in the mud of the Londinian sea is very 
much the same as that now mot with in the drift off the month of 
a strongly flowing river. Most of the species of the London Clay 
flora are referred to present-day families, but not to living genera ; 
there is not a single plant specifically identical with a living one. 
The families are for the most part unfamiliar to those botanists 
whose chief interest is in the British flora ; and many families that 
bulk largely in our present flora are unrepresented. Extinct species 
and genera present many problems to the systematic botanist; 
the question constantly recurs, whether or not certain peculiarities 
in the fossil—differences in the structure of fruit, seed or embryo 
—are of sufficient magnitude or importance to justify the establish¬ 
ment of a new genus, or whether the definition of a genus based 
on living species might reasonably be extended to include the extinct 
form. There is no golden rule; common sense and individual 
judgment are the only guides. The authors, so far as a layman 
can judge, seem to have used these guides with judicial wisdom. 
The proportion of extinct genera in the flora is approximately 76 
per cent. 

A selection of plants, chosen at haphazard, will serve to illustrate 
the nature of the data; one of the few genera named from frag¬ 
ments of twigs and not seeds is an Araucarite^, a species of conifer 
closely allied to some living Araucarias, as, for example, ArawMiia 
excdm, the Norfolk Island Pine indigenous to the small island in 
the Pacific Ocean. This is one of several records of the occurrence 
of an Araucarian conifer in Tertiary Britain: the genus is now 
confined to Brazil, Chile and the Argentine in the west, and to the 
Australasian region in the east: here we have one of many Ulus- 
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trations of the importance of taking into account the facts of 
geographical distribution obtained from an examination of the 
records of the rocks. It is only from a knowledge of floras of the 
past that we fully appreciate the efficiency of plants as travellers 
over the world’s surface. Another conifer discovered in the London 
Clay, is Cupressinites curtus, founded on cones and seeds; it is 
compared with the north African genus TetracUnis of the Atlas 
Mountains and with the tropical and South African WiddringUmia. 

The genus Cephahtaxm, now confined to the mountains of 
China and Japan, once grew by the banks of the Eocene river m 
western Europe. Monocotyledons are represented by several 
Palms, including a single species of Nipa the ‘‘ stemless Palm.” 
The only Palm that is still European is the dwarf Palm {Chamcerops 
humilis) of the Mediterranean region ; the genus Nipa is widely 
spread in brackish water of Old World tropical estuaries. In the 
I^ndon Clay flora species of five living genera have been recognised 
and seven forms of seed are referred to an extinct genus, Palmo- 
spermum, a name implying an undoubted Palm alliance but not 
referable with certainty to a generic position within the family. 
The most abundant fossils in the whole collection are the woody 
single-seeded fruits of iVtpa Buriini, a species closely allied to the 
recent N. fruticans but with rather smaller fruits : as the nuts are 
now carried on the water of the Canges, and other tropical rivers, 
so we can picture them falling from the fruit-heads among the palm¬ 
like leaves of the Nipa, which grew on the shores of the Eocene sea. 
The London Clay species has been found in other Tertiary beds in 
England, also in Belgium, France, Italy, Russia, and in the upraised 
bed of the Tethys sea that now forms the Mokattam hills on the 
outskirts of Cairo. 

. By far the greater part of the fruits and seeds belong to 
dicotyledons and are distributed among rather more than forty 
families, a few of which will serve to emphasise the contrast between 
the Eocene and the present flora. There are five species of 
Juglandaceae, a family represented in Britain only by the Walnut 
and a few other cultivated trees ; one species is referred to a living 
genus, Platycarya, a native of China and Japan. In the opinion of 
the authors the name Platycarya most now give place to Petro- 
phihides, a generic designation which, they maintoin, has prior 
claim because it was adopted by Bowerbank for fossils, genericaUy 
the same as the Far Eastern plant described three years later than 
the date of Bowerbank’s account of the London Clay specimens. 
The other four species are placed in a new genus— Juglandiearya, 
a name indicative of relationship with the Walnut (Jvgloma) and 
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the Hickory {Carya). The family Nymphseaceae is represented by 
a single species assigned to a new genus and believed to be closely 
related to Barclaya, the species of which grow in fresh water in 
the tropics of eastern Asia. It is interesting to find that the London 
Clay plant is more nearly allied to a Far Eastern genus than to the 
water lilies of Europe. Of the tropical family Menispermaoese 
there are five genera and seven species : the fruits of this family 
have well-defined characters in which it is easy to trace generic 
relationship: four of the five fossil species differ too much from 
the fruits of any living plant to be placed in a recent genus and 
thus afford a good example of the pre|K)nderance of extinct over 
recent genera in the London Clay flora. One of the extinct species 
is said to be nearest to the living genus Tiliaoora, a genus of climbing 
plants inhabiting India, Ceylon, Further India, the Malay Peninsula 
and Islands, and tropical Africa. Another species of Menispermaceae 
is also compared with a tropical climber, Tiumpora, a Chinese, 
Malayan, Australian and west African genus ; a third type of fruit 
of the same family boars a closer resemblance to that of Hypaerpa, 
an Indo-Malayan genus. The genus MagtwUa, native of Asia and 
North America but no longer European, is represented by several 
species The family Anonacem, characteristic of the tropics of 
the Old World, had representatives in the flora of the Ijondon Clay. 
The tropical and subtropical family Lauracete had several members 
in Tertiary England and is second only to the Nipace® in the 
number of species : among living genera of the Laurace®, to wliich 
fossils have been referred, are : Endiandra, a Malayan and Aus¬ 
tralian genus, the Indo-Malayan Cinnamomum (Cinnamon and 
Camphor), Litaea, a tropical Asiatic and Australian genus, and 
another tropical genus Beilachmiedia. Other sjwcies are placed in 
extinct genera of the I^aurace®. It is surprising that only a single 
fruit has been found which can be definitely assigned to the 
Leguminos®, a family that is now prominent in tropical floras. 
Many fruits are referred to extinct genera of the tropical family 
Burseraoe® : the characters of two of the genera indicate that “ a 
recombination of characters has occurred in the family during the 
long lapse of time since the period of the London Clay.” Similarly 
the Euphorbiaoe® ore represented only by species included in two 
extinct genera. Eleven species are referred to a section of tlie 
family Anacardiace® : two are placed in the genus Dracmtomelm, 
a tree of tropical jungles in eastern Asia, another is referred to 
Spondiaa, a tropical genus which now occurs in both the Old and 
the New World; two species are assigned to Odina, a tropical 
Afriouii and Asiatic genus; other species are placed in extinct 
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genera of the Anaoardiaoeas. Another family which occupied a 
prominent position in the Tertiary flora is the loaoinaoeae, now 
exclusively tropical in its range: there are six genera and about 
twenty species. The Lythracese, one of the few families with species 
native to Britain, are represented by two extinct genera, one of 
which is compared with Lageratroemia, a genus that is now abundant 
in India, China, East Indies^ Australia and other regions. Another 
family, Comaoese, one of the few with members that are still native 
in Britain, is represented by three species of Mastixia, an Indo- 
Malayan genus, which is the only living member of the section 
Mastixoidess, and by four extinct genera, three of which are con¬ 
sidered to belong to the Mastixoidete. These families suffice to 
emphasise the enormous contrast between the London Clay flora 
and the present flora of western Europe; most of the others tell 
the same story. 

All the families recognised in the fossil flora are now represented 
in the tropics; five are exclusively tropical—11 per cent, of the 
whole. Fourteen families are almost confined to the tropics— 
32 per cent. Twenty-one are equally tropical and extra-tropical 
in their present geographical range, that is 46 per cent. Only five 
families—11 per cent—are chiefly temperate. There are seventy 
genera, the living representatives of which have been traced (that 
is genera which are elements in modem floras), and a greater number 
of genera which no longer exist. From a careful analysis of the 
present geographical distribution of the plants to which the fossil 
fruits and seeds show the nearest affinity, the conclusion is drawn 
that the closest relationship of the London day flora is with the 
“very heart of the East Asian tropics, mainly with the Malay 
Islands, where 73 per cent, of the genera are found at the present 
day.” Next in order are : the Malay Peninsula with 67 per cent., 
Further India with 66 per cent., India and Ceylon with 61 per cent. 
The relationships of the British Eocene flora are very definitely 
with floras separated in space by some thousands of miles from 
western Europe ; there is hardly any affinity to the present floras 
of Europe and western Asia; with America the rdiationship is 
also slight. As we shall see later, this surprising conclusion based 
on the critical work of Mrs. Beid and Miss Chandler is not incon¬ 
sistent with the history of the western European floras as recorded 
in the plant-bearing beds of more recent geological formations. 
Of the seventy London day genera thirty-three (47 per cent.) of 
the most nearly related living plants occur in tropical lowlands; 
twenty-nine genera (41*5 per cent.) are lowland tropical “ and, as 
well, either montane in the tropics or extra-tropical in latitudinal 
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diatribution ” ; eight genera (11-6 per cent.) are “ either exclusively 
montane in the tropics or extra-tropical.” It would therefore 
seem that the old conception of the London Clay flora as tropical 
receives confirmation from the latest and by far the most thorough 
analysis to which it has been submitted. The majority of the plants 
are most closely allied to genera now living in tropical rain-forests 
in the Indo-Malayan region. The authors quote a description by 
Becoari of the primeval rain-forests of Borneo which, in their opinion, 
despite certain differences, affords the truest picture of the vegetation 
fringing the estuary where the fruits and seeds, collected on the fore¬ 
shore of Kent, had been embedded in sediment deposited by the 
Eocene river in an area which now comprises south-eastern England. 

What was the Climate in which tub Plants of the London 

(jLAV FLOURISHED 1 

The flora of the Ijondon Clay is described as tropical because 
the plants determined on the evidence of fruits and seeds, which 
there is good reason to believe are trustworthy criteria of systematic 
position in the hands of experienced investigators, are more nearly 
related to genera now living in the eastern tropics than to temperate 
genera. May we then draw the conclusion that the climate of 
south-western Europi? in the early part of the Tertiary era was 
comparable with that of a tropical rain-forest t May we place 
confidence in fossil plants as true indicators of the climate of ages 
separated from the present by many millions of years 1 These 
questions are fully considered by the authors and answered in the 
affirmative; they believe that the London Clay flora can only be 
regarded as tropical and that plants are true recorders of climate, 
“ only it must be the bulk of the flora that interprets the climate, 
not a few exceptions.” This is the considered opinion of two 
botanists ; it is also consistent with the fancy of a modem poetaster, 
who wrote of the warm Eocene sea: 

And with its tides laid down tho London Clay, 

When, genial, a lost Alaska grow 
Broa<l-bloiiBomod troos, and the Magnolia stolo 
Worm-scented to tho Pole. 

Dr. Bowerbank, who was equally impressed by the tropical char¬ 
acter of the flora, suggested that the plant debris and the sediment 
in which fruits and pieces of Teredo-bored driftwood were embedded 
had been transported by a river from^ some southern source probably 
near the equator. He evidently hesitated, and well he might, 
to assume tropical conditions on the latitude of the London Clay. 
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His explanation is examined by Mrs. Reid and Miss Chandler, 
who give cogent reasons against its acceptance : when the London 
Qay was being deposited over the area which it now occupies, 
southern Europe was on the edge of a great trough occupied by the 
transmundane Tethys ocean or Nummulitic sea—so-called from 
the abundance in the Lower Tertiary limestones that were upraised 
in the Alpine revolution, of the foraminifer Nummulites : this well- 
establish^ fact is in itself a fatal objection to Bowerbank’s supposed 
equatorial river. It is true that vegetable detritus is often carried 
far from a forest-area and ultimately finds a resting-place many 
miles from the original source, but the drift-material now character¬ 
istic of tropical beaches consists for the most part of fruits and 
other remains of strand-plants within reach of oceanic currents. 
If the fruits from the London Clay had been carried long distances 
by currents we should expect to find a preponderance of examples 
having some of the structural features that are known to be char¬ 
acteristic of fruits able to withstand long journeys in sea water. 
Among the Sheppey species there are very few which show any 
“ special adaptation for floating.” There is a further point: drifted 
material brought by the Gulf Stream to the shores of Europe is 
always relatively insignificant in amount in comparison with debris 
of local origin. If some of the Sheppey fruits belonged to plants 
alien to the locality where they were preserved, we should expect 
to find in association with them a still greater number of fruits 
derived from native plants. But it has been shown that the London 
Clay flora is homogeneous and is not made up of elements of two 
distinct types of plant communities. Though the fruits and seeds 
are not preserved on the actual site where the plants grew, the 
evidence is clearly in favour of the conclusion that they fell from 
trees growing within reach of the river which built up the delta 
where they were deposited. Granting that the forests grew at no 
great distance from the London Clay area, is it necessary to assume 
that in the early part of the Tertiary period southern England 
enjoyed a climate comparable with that of the Indo-Malayan region 
which, in the numerical composition of the flora, furnishes the 
closest parallel to that of the London Clay ? 

Mrs. Reid and Miss Chandler, with many other authors who 
have faith in fossil plants as guides to climatic conditions, naturally 
treat the records preserved in the London C3ay as they would treat 
a collection of living plants. It would seem logical to employ 
knowledge based upon known relationship between assemblages of 
genera and species and climatic conditions, in the world as it is 
now, to the climatic interpretation of groups of extinct plants closely 
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allied to existing genera and species. The present is a guide to 
the past if we hold the view that a certain type of flora, whether 
its component elements are still living, or whether the flora has 
no elements identical with existing plants though a close relation¬ 
ship is clearly established, connotes a certain environment and a 
mean temperature that can be determined within narrow limits. 
There are few more attractive and baffling problems with which the 
student of ancient floras is confronted than those relating to past 
climates. The botanist may be convinced, from his knowledge of 
plants in relation to present external conditions, that he can use 
botanical documents in the rocks as trustworthy guides and deduce 
from them a reasonably accurate estimate of climatic conditions ; 
but las conclusion may meet with serious opposition from experts 
in other branches of knowledge, from astronomers, meteorologists, 
geologists and geophysicists 

Ijct us first consider the problem from a botanical standpoint, 
not, it must be admitted, without reference to non-botanical con¬ 
siderations, but with the knowledge that there are strong objections 
from ixsrtain sourcns to postulating a tropical climate in a temperate 
country at a period which, in a geological sense, is relatively recent. 
The authors of the Jjowkm CUty Flora have carefully considered 
the general question of the trustworthiness of extinct plants, or 
rather of floras composed wholly of extinct species and in great 
part of genera which no longer exist. Their considered opinion 
is that an early Tertiary flora must l>e regarded tvs strictly com¬ 
parable to an existing flora in its validity as a standard reference 
in reconstructing climatic concbtions. Attention may be called to 
a suggestion that has not been overlooked by Mrs. Reid and Miss 
Chandler, namely the possibility that in the course of ages plants 
may have changed in their reactions to external factors. The 
correctness of this view, which the authors quote from published 
statements made by myself, is impossible to prove and not easy 
to disprove. They admit a certain power of adaptability to un¬ 
accustomed climate among present-day plants, but they add “ such 
slight evidence . . . can count for very httle against the general 
evidence of plant distribution.” They also say, and with justice, 
that the weight of evidence from the living world ” does not indicate 
any very general power of adaptability among flowering plants as 
a whole. And it would be rash to attribute any greater power of 
adaptability in the past without very definite evidence to support 
it.” The fairness of their statements is not disputed, but they 
do not in the writer’s opinimi dispose of the suggestion that plants 
in the course of ages—daring a period of many milUon years—may 
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undergo some constitutional change, may, in fact, suffer from the 
effects of senility. A suggested solution, unsupported by definite 
evidence, of a difficult problem, has, perhaps, little value; none 
the less, it need not on that account be discarded as inadmissible. 
The point which it is worth making is this : there is now a flora of 
a certam type attuned to the conditions provided in the Malayan 
region; the ancestors of many plants in that flora lived in what is 
now south-eastern Europe in the earlier part of the Tertiary era. 
May we not hazard the opinion that Malaya is a refuge where the 
enfeebled descendants of a race which was composed of elements 
hardier and, in an evolutionary sense, much younger, are able to 
flourish because their constitution is no longer such as to permit of 
continued existence in an environment which had been appropriate 
to their remote and more vigorous forbears ? This possibility was 
in the first instance suggested by contrasts, much more amazing 
than that between southern England and Malaya, furnished by 
fossil arctic floras and existing tropical floras which include elements 
closely allied to the extinct plants which once flourished 300 miles 
north of the Arctic Circle. It is impossible in a single article, 
primarily concerned with questions that are non-controversial, 
adequately to discuss the welinigh insuperable difficulties involved 
in the assumption that fossil plants and extinct floras should rank 
equally with assemblages of living plants as indicators of climate. 

Some reference must, however, be made to other aspects of 
the subject which are ably dealt with by the authors. The science 
of Geophysics offers another line of enquiry which may lead to the 
discovery of at least a partial solution of problems presented by 
the occurrence of fossil floras in places latitudinally remote from the 
homes of the most nearly allied recent floras. The mobility of the 
earth’s crust is manifested in many different ways : its importance 
as a contributory cause of the present and past distribution of 
organisms cannot as yet be estimated. Wegener’s h3rpothe8iB of 
continental drift is an old idea, restated and more fully developed, 
which despite strong opposition is often welcomed with avidity as 
a possible way out of a dilemma. Wegener believed that Europe 
and North America were once part of a single continental mass; 
this was severed by a gradually widening rift into two separate blocks 
which drifted apart, and the rift became the sundering Atlantic 
ocean. This particular form of continental drift is inapplicable to 
the facts revealed by the London Olay flora. 

An important point made by Wegener is that America and 
Emope were still in actual contact as recently as the end of the 
Tertiary era ; they had been partially separated at an earlier date 
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as the rift, whioh began in the south, spread towards the north. 
This idea involves a continuity of land between Europe and North 
America at the stage of geological history when the plants of the 
London Clay were living ; we should therefore expect to find evi¬ 
dence of a clearly marked relationship between the floras of the 
Old and New Worlds, but it has been definitely established that the 
American afi&nitiee are insignificant in proportion to those with 
existing floras in the Far East. Mrs. Reid and Miss Chandler are 
obviously right in saying that Wegener’s hypothesis “ will not 
hold.” And yet the failure of Wegener’s hyjwthesis as an aid to 
the solution of the phjrtogeographical problem presented by the 
Tertiary flora is not a fatal objection to the general idea of drifting 
continents. There remains the possibility of movements of the 
upper layers of the earth’s crust in other directions than those 
assumed by Wegener. An entirely different form of a drifting 
crust—continental spreading—advocated by the German physicist, 
Gutenberg (described by Lake in the Geological Magazine of 1933) 
serves to show that the subject is by no means exhausted and is 
indeed in its infancy. We have as yet no proof of continental drift, 
and no form of it so far described is applicable as an explanation 
of a Malayan flora in Eocene Europe ; but this is not a valid reason 
for ruling out the possibility of geophysical assistaiute in our search 
for light on the phytogeograpby of past ages. 

There remains another line of approach to the problem of 
climatic fluctuations which is more in accordance with definite 
geological evidence. It is well known that land and sea have 
frequently changed places: even if the great ocean-basins and 
oontinentol blocks are regarded as permanent features in a general 
sense, their boundaries have changed and the distribution of land 
and water has varied within wide limits from one age to another. 
It is for example indisputable that the Tethys sea occupied a large 
port of south central Erux)pe, north Afnca and regions farther east. 
The meteorologist. Dr. C. E. P. Brooks, believes that such changes 
in the inter-relationship of land and water, as it is reasonable to 
assume from geological data, and the consequential changes in the 
direction and temperature of ocean currents, would afford at least 
a partial explanation of the higher temperature in western Europe 
deduced from the composition of the London Clay flora. Mrs. 
Reid and Miss Chandler say : ” Dr. Brooks in his letter makes it 
plain that in his opinion his hypothesis will not, alone, account for 
a climate able to support the London Clay flora, but that, by 
invoking the aid of Dr. Simpson’s hypothesis of change in solar 
radiation, the requirements would be more nearly met. At least 
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the two hypotheses together have the merit of postulating the 
kind of climate that would be required by the Eocene flora, if we 
may judge by the needs of its living representatives—an intense 
degree of precipitation, a soil always loaded with moisture, a climate 
always equable with warm winters.” The authors, not fully con¬ 
vinced that they had solved the problem, determined to enquire 
more closely into the climatic conditions in the tropical rain-forests 
of Malaya and other regions. They obtained much vfduable in¬ 
formation from different sources and found, for example, that 
botanists with tropical experience arc agreed that “ tropical rain¬ 
forests extend their range upward in moist and sheltered ravines 
considerably beyond the range in the surrounding open country.” 
Their conclusion is that ” given suitable conditions of precipitation, 
of the balance between precipitation and evaporation, of the seasonal 
distribution of the rainfall, of a very equable climate, and a frostless 
winter, the London Clay flora might have lived under a mean 
annual temperature of about 70° F. Dr. Brooks, in reply to a 
request for his opinion, wrote : “ It is, of course, impossible to give 
exact figures for past temperatiuxss, and though I think a mean 
annual temperature of 70° rather high for latitude 62°, I cannot say 
it is impossible.” The mean annual temperature of London is 
approximately 51° F. Enough has been said on this fascinating 
problem of climate to show that the authors have spared no pains 
to deal Avith it os thoroughly as possible. While fully appreciating 
the judicial balancing of evidence, there still remain in my mind 
an element of doubt and scepticism and a disinclination to abat don 
the suspicion that the value of the plants as thermometers of past 
ages is not so great as is usually supposed. 

COMPXEISON WITH OtHBB PU)BAS 

If space permitted it would be interesting to make comparison 
of the flora of the London Clay and the floras of the latter part of 
the Mesozoic era ; a few general statements must suffice. In the 
latter part of the Cretaceous period the sea covered a much greater 
area in Britain than it did in the early stages of the Tertiary era: 
we know from collections of plants obtained from sediments in 
other countries where Upper CYetaceous records are available, that 
in general composition the vegetation in the northern hemisphere 
was very similar to that of the Tertiary period, at least in the pre¬ 
ponderance of Angiosperms closely related to living genera. Plants 
discovered in the highest Cretaceous strata represented in England, 
particularly fossil wood from the Lower Greensand, show that 
dicotyledonous trees of several kinds were elements in the vegetation. 
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On the other lumd the Wealden Flora, obtained from an older 
CretaoeouB series, differs fundamentally from that of the London 
Olay in affording no evidence of the existence of Angiosperms of 
the modem type. The flora is essentially Jurassic and represents 
the latest phase in a sequence of floras, differing from one another 
mainly in minor features, which lasted from the latter part of the 
Triassic period to the earliest stage of the Cretaceous period. The 
plant-world was transformed shortly after the Wealden stage; 
the older Mesozoic type of flora was replaced by one in which flower¬ 
ing plants similar to existing forms occupied the chief place. There 
is evidence in favour of the view that this new element came from 
a home within the Arctic Circle whence it spread into Europe, 
America, and Asia. Some of the families and genera represented 
in the Eocene flora of the London Clay are known to have existed 
in western Greenland in the Cretaceous period. Further research 
into the component elements of Cretaceous floras should be stimu¬ 
lated by the publication of the British Museum volume : we should 
like to ascertain to what extent it is possible to connect the London 
Clay genera with ancestors in more northern regions. 

The London Clay flora may be described as marking a culmin¬ 
ating point in the development of a vegetation in western Europe 
which was mainly composed of Angiosperms havmg an Indo- 
Malayan relationship. Let us briefly review the procession of 
floras in the later stages of the Tertiary era and in the Quaternary 
period. 

There is still much work to be done on the Tertiary floras of 
Britain but enough is known to enable us to make comparisons 
with the Lower Eocene flora of the London Clay. We will first 
glance at an Upper Eocene flora described by Miss Chandler from 
Hordle, Hampshire: the plant.-bearing beds were dejmsited by a 
river in an estuary which extended over part of Hampshire and 
the Isle of Wight. The flora is “ closely allied to the living flora 
of south-eastern Asia,” while there is a marked relationship with 
that of east North America. Many of the genera are the same as 
those in the London Clay, but there are significant differences in 
general composition that are worthy of note. In the Ix)ndon Clay 
flora about 97 per cent, of the plants were trees or shrubs, not 
herbaceous; in the Hordle flora woody plants form 86 per cent.: 
in modem Britain the proportion is 17 per cent. Other differences 
are apparent when a comparison is made of the percentages of genera 
in the two Eocene floras based on geographical relationships ; the 
proportion of Malay Peninsula plants, which is 67 per cent, in 
the London day flora, is 60 per cent, in the Hordle flora, and a 
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more Btriking oontraat is shown by the substantial increase in the 
younger flora of European genera. These percentages are taken 
from a table drawn up by Mrs. Reid and Miss CSiiuidler, part of 
which in a simplified and less complete form is here reproduced. 



London 

CUy. 

Hordle 

Bern- 

bridge. 

Reuver. 

Tegelen 

Cromer 

BriUln 

(Living) 

N. Europe . 

1 

20 

23 

37 

64 

71 

46 

N. North Amenoa 

1 

14 

20 

33 

63 

62 

35 

N -W. Europe 

2 

26 

37 

65 

ao 

98 

100 

S. Europe 

4 

37 

61 

62 

82 

94 

94 

W. Aaia 

4 

43 

54 

«4 

80 

95 

86 

Himalaycui. 

31 

54 

67 

70 

79 

83 

70 

Japan and N. Chma 

36 i 

71 

71 

83 

' 85 

82 

67 

S. Chma and Buniia 

63 

1 m 

69 

60 1 

64 

65 

42 

India and Ceylon 

61 

! 60 

67 

64 

62 

62 

48 

Further India 

66 

74 

60 

66 

I 56 

50 

1 32 

Malay Peninsula 

67 

64 

60 

42 

1 

44 

27 

Malay Islands 

73 


63 , 

47 

61 

49 

32 

Australia, New Zealand, etc 

40 

46 

60 ! 

39 

1 60 

47 

36 

E. U.8 A. . 

16 

1 46 

49 

64 

1 76 

79 

69 

W. U.S.A. . ... 

7 1 

43 

j 40 ' 

61 ! 

1 68 

78 ! 

i 

60 


Table abridfed and compiled from the Tables and Diagrams given by Mm. Reid 
and Miss Chandler “ showing the poroentage distribution of genera m certain fossil 
floras of West Kurope and m the living Bntish flora.*’ Mrs. Reid tolls me that by 
the terms “ North Europe and north North Amerioa m the left-hand colunm were 
intended the arctic and sub^arctio regions of the continents.** 

A few years ago Mrs. Reid and Miss Chandler made an mtonsive 
study of an Oligooene fossil flora from Bembridge on the north-west 
coast of the Isle of Wight. The Bembridge beds were probably 
deposited in a delta, and the leaves, fruits and seeds were derived 
from neighbouring vegetation. The proportion of woody plants 
is 67 per cent., considerably less than in the older Hordle flora. 
In the Bembridge flora there are a few more wide-ranging genera 
than in the Hordle flora and a much greater number than in the 
Liondon Clay flora ; the percentages are—29 per cent., 26 per cent, 
and 1 per cent. Instead of a preponderance of Malayan elements, 
we find that the closest relationship is with north China and Japan, 
south China and Burma being not far behind : in the Hordle flora 
the closest connection is with south China and Japan. The division 
of the Tertiary formation next in age to the Oligooene series, in 
ascending order, is the Miocene, a stage unrepresented in Britain. 
Miocene floras from Switzerland, Glermany and other European 
countries, so far as they have been critically examined, supply in¬ 
formation consistent with the gradual transformation of the older 
Tertiary floras related in different degrees to the Malayan region 
into floras exhibiting a closer affinity to those of China, North 
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America, and Europe. It would seem that the extermination of 
the Chinese-North American element began in the Miocene. 

Three Pliocene floras will now be briefly considered : the youngest 
them, referred to the upper part of the Pliocene series, is from 
piant-beds on the Norfolk coast, the Cromerian flora. Another 
and older British Pliocene flora, described by Mrs. Reid from Castle 
Eden on the Durham coast, differs from the Cromerian in having 
a much higher percentage of exotic and extinct species, 64 per cent, 
as compared with 6 per cent., as well as of Chinese-North American 
species, 31 per cent, as compared with 0-74 per cent, in the Cromerian 
flora. Two Pliocene floras from the Dutch-Prussian border, which 
are richer in species than the smaller Castle Eden flora, supply 
interesting data and All in gaps in the sequence represented in 
Britain. The older of the two Dutch floras is the Reuverian, from 
Reuver, and the younger is the Teglian from Tegelen, a neighbouring 
locality ; the three localities, Reuver and Tegelen on the east side 
of the North Sea and Cromer on the west, are situated within the 
area of the delta of the old Rhine which impinged upon what is 
now the Norfolk coast. England was united to the Continent 
across the southern half of the North Sea, the northern part of 
which was occupied by a gulf of the Atlantic Ocean. Taking the 
Lower Pliocene Reuverian flora first, we find that the percentage 
of woody plants is the same as in the Bembridge flora, 57 per cent. ; 
the projxirtion of wide-ranging genera in the Reuverian flora is 
32 per cent., slightly greater than that in the Bembridge flora. 
The relationship with north China and Japan is still more pronounced 
than in the Oligoceno floras ; the importance of the west European, 
western Asian, and Himalayan relationships has increased and the 
Indo-Malayan affinity has decreased. Ascending the series to the 
T^lian flora the following distinguishing features may be noted: 
the percentage of w'oody plants has fallen to 28; wide-ranging 
genera form 48 per cent, of the whole ; the west Asian Himalayan 
and west European relationships almost equal those with Japan 
and north Cliina ; in the Teglian os in the Reuverian flora “ the 
temperate allianoe with America has quite outstripped the tropical," 
and noiV for the first time “ the European allianoe begins to overtop 
the American." At the still higher Cromerian stage there is a 
further fall in the percentage of woody plants ; on the other hand 
the percentage of wide-ranging genera is approximately the same 
as in 3 Teglian flora; the dominant relationship " has definitely 
passed to western Europe." Another point which emerges from 
a comparison of earlior and later Tertiary floras is a marked increase 
in the proportion of wide-ranging genera from the London Clay to 
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the Cromerian. Attention ie drawn by Mrs. Beid and Miss Chandler 
to a curious anomaly, namely the greater proportion of northern 
genera in the Teglian and Cromerian floras than in the present 
British flora—they offer a geographical explanation based on the 
fact that in the latter part of the Tertiary era Britain was part of 
the continent of Europe and “ would therefore have shared its flora 
more completely than it did later.” 

A comparative analysis of the Tertiary and Quaternary floras 
reveals many facts of considerable importance which throw light 
upon evolutionary changes in the successive phases of the develop¬ 
ment of the British flora. The gradual decrease in the percentage 
of woody plants during the long period separating the London Clay 
from the present day is in accordance with the view that the evo¬ 
lution of trees largely preceded that of hcrhac'eous plants; it is 
suggested by the authors, whose results arc freely quoted in this 
article, that another cause may be climatic : tropical floras, among 
which they include the London CJlay flora, are chara<'terised by a 
preponderance of woody plants, and “ in passing from the tropics 
to the cold regions the proportion of woody plants diminishes.” 
We know practically nothing of the origin of herbaceous forms; 
neither the place nor the reason of their production. The Cretaceous 
floras of the arctic regions, so far as we know, did not differ from 
the Cretaceous and early Tertiary floras of more southern lands in 
having a smaller proportion of woody plants. 

An outstanding feature of the London Clay flora is the almost 
complete absence of wide-ranging genera ; the representative living 
genera are restricted in their geographical range and most of them 
are Indo-Malayan ; there are very few links with the New World. 
Before the end of the Eocene period, at the stage represented by the 
Hordle flora, the dominance of Indo-Malayan elements had ceased, 
and a glance at the table (p. 16) shows that as we ascend from the 
older to the younger floras the relationships of genera have a wider 
geographical range; there is a gradual increase in the number of 
wide-ranging genera from 1 per cent, in the London Clay to 46 per 
cent, in the Cromerian flora. A comparison of the Cromerian and 
present floras reveals an unexpected contrast; the wide-ranging 
genera are only 26 per cent, in the living British flora. Hiia is 
attributed in part to the destructive effects on the v^tation of 
the arctic climate in the early part of the Quaternary period shortly 
after the end of the Pliocene period, and to the severance of Britain 
from the Continent, which reduced the possibilities of immigration. 
The changes in composition of the successive floras from the London 
Clay upwards are the expression of a transformation of a flora with 



AN EXTINCT MALAYAN FLORA IN ENGLAND 19 

Malayan relatiomhipa to floraB which became gradually European¬ 
ised ; a change from tropical and subtropical to temperate floras. 
There is also an increasing alliance of western European and tem¬ 
perate North American ftoras as we pass upwards through the 
geological series. On the whole there is an increase in the proportion 
of northern Eurasian and American genera from the London day, 
with Corrvm as the only representative, to the Cromerian. 

We have so far noticed certain features characteristic of selected 
floras beginning with a Lower Eocene flora and passing upwards 
through several million years to the last stage of the Pliocene period, 
when the aspect of the plant-world in Britain was very much as it 
is now. Soon after the beginning of the Quaternary period the 
temperate climate became increasingly arctic , glaciers began to 
form on the hills and invaded the lower parts of valleys, neighbouring 
streams of ice coalesced to form ice-sheets, and eventually most of 
the country was clothecl in white. Some of the hardier pre-glacial 
Pliocene plants survived in Britain, on ice-free mountain-peaks and 
in districts which there is good reason to believe were never over¬ 
ridden by glaciers or ice-sheets : wc know that in (Ireenland at the 
present day plants are able to exist on rocky islands protruding 
from the ice-sheet. At a later stage the climate again became 
temperate. We are not now concerned with mterglacial perioils, 
long-continued intervals between successive glacial invasions ; it is 
enough for present purposes to think of the glacial period as a single 
episode, a ^tor which had a devastating effect upon the flora of 
Britain. Eventually the pre-glacial conditions were restored, and 
the pcutially depleted land was ready to receive invaders from the 
Continent; these with the hardier elements which had lived through 
the Ice Age inaugurated the present flora. For a very clear acixiunt, 
by a recognised authority, of the story of the changing vegetation 
in Post-glacial Britain reewiers are referred to an article by Dr. 
T. W. Woodhead, “ Post-glacial succession of Forests in Europe,” 
published in ScfiENOB Peoorkss, No. 102, October 1931. 

Whatever our views may be on the moan temperature of southern 
Britain at different times within the section of geological history 
covered by this retrospect, it is generally admitted that the conditions 
were most genial when the London Clay was being deposited in the 
early Tertiary sea. In the later stages of the Eocene, in the Oligo- 
oene and Miocene periods the climate continued to be favourable, 
though the mean temperature was graulually falling and reached 
an arctic climax in the early part of the Quaternary period. It 
would seem that by the end of the Quaternary period (Cromerian) 
the conditions on the borders of the Rhine delta were very much 
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the same as they are now in East Anglia. Then came the loe Age, 
the incursion of an arctic flora from the Far North and the migration 
of pre-glacial species to more southern regions where the displaced 
plants were able to colonise new ground. Fluctuating climates, 
the wandering of arctic and temperate species to and fro as the 
glaciers grew, waned and vanished, the inability of some fugitives 
to cross physical barriers* athwart their path, the survival of the 
hardier kinds ; these and other incidents in the long years separating 
the loe Age from the present day are well known. 

There is, however, one important consideration to which refer¬ 
ence should be made : the London Clay flora flourished on the 
northern shores of the Tethys ocean on the liorders of a sea in 
direct communication with the Tethys. By the time the Bembridge 
flora had become established the great trough of the Tethys was 
being upraised into gigantic folds and overfolds of the earth's 
crust; the “ alpine storm ” was bringing into being the transverse 
mountain-chains of the Alps and Himalayas, the barriers which 
at a later date, when the incidence of arctic conditions in northern 
Europe compelled the Pliocene floras to seek more southern homes, 
closed the road to safety. The result was the destruction of numer¬ 
ous genera and species which had once been British and the reduction 
of the European plant population to a position much inferior to 
that of North America and the Far East, where access to refuges 
had been preserved, and there were no transverse obstacles to free 
migration. Different views are held on the effect of the Ice Age 
upon the Pre-glacial flora; the question is, to what extent the 
country was reduced to barrenness, was the plant-population almost 
completely destroyed, or is it possible that a fairly large number 
was able to retain possession of unglaciated areas. Botanists best 
qualified to express an opinion appear to think that the disastrous 
effect of an arctic Britain has been greatly exaggerated. As Pro¬ 
fessor Salisbury says—“ In the reaction from the view that the 
whole of the flora of these islands was destroyed by the Pleistocene 
[Quaternary] glaciation we must avoid too facile an acceptance of 
the theory of persistence.” 

Thb Pboblbh OS' A Malayan Floba in Eocene Ecbopb 

We have strayed far from the London Clay and its Malay genera. 
What, it may be asked in conclusion, is the explanation of the close 
relationship of the flora of the London Clay to that of Malaya ? 
Mrs. Beid and Miss Chandler express the opinion that ” Dr. Brooks’ 
hypothesis affords an admirable explanation of the dominance of 
the Indo-Malayaii element.” He correlates the hot Eocene dimiLtA 
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with the mAximum transgression of the Tethys sea when a warm 
current flowed towards Europe in the uninterrupted waterway fixim 
Malaya which stretched from east to west across the north of the 
Indian Peninsula, which was then an island, at a period antedating 
the upheaval of the Himalayan ranges. As Dr. Brooks finds in 
the Tethys sea the primary cause of the hot Eocene climate indi¬ 
cated by the fossil flora, so the botanists “ find, in the same sea, the 
cause which decided that the flora should be predominantly of 
Indo-Malayan type ; whilst, at the same time, its waters barred 
the way for any great inflow of African genera, and the Atlantic 
presented an even more efficient barrier against the entry of American 
genera.” The conclusion is that in the early days of the Eocene 
period the plants of the Ix)ndon Clay came to western Europe from 
the region where their modern representatives are now living; 
migration was from the south-east to the north-west. On the 
other hand, the later European floras, allied more closely to existing 
floras in China and North America, are spoken of as spreading in 
successive waves of migration from northern homes along divergent 
routes to the south. Before referring to the arguments advanced 
by Mrs. Reid and Miss Chandler in supjwrt of their view that the 
Malayan elements in the fossil flora were immigrants from Malaya, 
it is permissible to suggest the possibility that the present Malayan 
flora was derived from Europe, that the genera which we now call 
Malayan existed in the Eocene period in the London Clay area. 
Their home was then on the forest-clad margin of the London sea ; 
they had no connection with Malaya In course of time as the 
climate became unsuitable they wandered farther afield and after 
a long interval reached the refuge where their descendants play 
a prominent part in Malayan forests. Malaya is the home of many 
plrats, ferns as well as seed-bearing plants, which in past ages were 
widely spread in the northern hemisphere. A Malayan forest might 
be described as a Unk with Cretaceous and Tertiary Europe, a forest 
—remote in space and in time from the vanished forests of England 
—^where a botanist familiar with the fioras of the past would feel 
that he had been transported to a scene reminiscent of a much older 
land, a land that became England. 

Mrs. Beid and Miss Chandler believe that the Eocene floras 
preceding that of the London Clay indicate a warm temperate rather 
than a tropical climate. Before the London Clay period “ the 
climate was warming,” whereas after that period it was cooling. 
When the temperature in western Europe was rising to the maxi¬ 
mum, represented by the flora of the London Clay, plants would 
tend to migrate northward; on the other hand, when the tempera* 
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ture fell, as the contrasts between the older and younger Eocene 
floras suggest that it did, migration would be towards the south. 
The more tropical elements of the Ix>ndon Clay flora may represent 
the incoming flora, immigrants from the south ; the more montane 
and extra-tropical elements may in part at least represent an older 
Eocene flora. Genera of the latter class, the extra-tropical plants, 
lived through the tropical period and survived as members of later 
Tertiary floras. The tropical elements, with the exception of throe 
genera, do not appear to have been able to withstand the cooler 
climate of the later Eocene period : they have not been found in 
floras older or younger than the London Clay. Ntpa is one of the 
throe exceptions ; it persisted as an element of a later Eocene flora. 
It was at or about the time of the Ijondon day that Nipa lived 
in several |>arts of Europe on the northern shore of the Tethys sea, 
and the inference is that localities where the Tertiary examples 
have been found mark the northernmost outposts of a tropical 
genus. This brings us to an important step in the argument: a 
fossil species of Nipa was described by Dr. Krausel in 1923 from 
a locality in Borneo, within the extensive geographical area where 
the living species abounds in brackish estuaries. Mrs. Reid and 
Miss Chandler speak of the Bornean Nipa as an Eocene species : 
their view is that Nipa “ must have travelled to Britain along the 
shores of the Tethys sea.’* But there is no definite evidence of the 
Eocene age of the Bornean species ; it may be Eocene as Dr. Krausel 
says, but he admits that the precise age of the beds in which it was 
found has not been determined. The English authors add, “ It is 
making no great assumption, therefore, to suggest that along with 
Nipa came the remainder of the lowland tropical Indo-Malayan* 
African element m the London Clay flora.” Evidence is quoted 
from authorities on Tertiary invertebrates in support of a similar 
migration from Malaya to Europe. It has previously been stated 
that Mrs. Reid and Miss Chandler have mode out a convincing case 
for a series of migrations in the course of the Tertiary period from 
the north to the latitude of southern England, and this was a natural 
consequence of the gradual lowering of temperature subsequent 
to the London Clay period. But in their view the London Clay 
plants, or at least many of them, must be regarded as immigrant 
from a remote region in the south-east. This necessarily implies 
the existence of a flora in the Indo-Malay region contemporary with 
the flora of the London Clay or—to allow time for migration—-At a 
slightly earlier period, whence representative elements travelled to 
Europe. The fossil Nipa is one piece of evidence that is not by 
any means convincing. Mrs. Eeid, in a letter written in answer 
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to a request for some further light on the question of the original 
home of the Malayan element in the English delta, reminded me 
that Dr. Kryshtofovioh stated in an article in the New Phytohgist 
(1929) that in the south of Asia “ the flora has developed unmolested 
ever since its first descent from its Cretaceous ancestors.” “ This 
is proved,” wrote the Russian author, “ by fossil documents found 
in Borneo, Sumatra, Java, the Philippines and other tropical coun¬ 
tries.” A statement such as this, if based on accurate knowledge 
and well established evidence, would be of great value; but as 
Kryshtofovioh says, the Tertiary flora of the countries named “ is 
unfortunately still but little known.” My point is this : Mrs. Reid 
and Miss Chandler, Dr. Brooks and other authors may be right in 
picturing currents in the warm Tethys sea carrying marine animals, 
and the slow march of terrestrial plants on its shores from Malaya 
to western Europe ; but we have no proof of the existence in Malaya 
of an Eocene or Pre-Eocene flora of the type necessitated by the 
botanical conclusions. We know that the Eocene flora of the 
London Clay is related to the living Indo-Malayan flora, the two 
separated in time by at least fifty million years. We know practic¬ 
ally nothing of the geographical range of Indo-Malayan genera in 
the Eocene period ; they may have been established on the south¬ 
eastern shores of the Tethys sea, but assuming—and it is an assump¬ 
tion, not as yet a fact based on published evidence—that they were 
there, it is possible that the same genera may have been living in 
many other parts of the world where they left no traces. Extinct 
floras furnish many instances of far-flung genera inhabiting regions 
widely separated latitudinally, a distributional range which suggests 
that the plants were tolerant of different climatic conditions. 

There would seem to be three possibilities: (i) the derivation 
in the Eocene perioti of the Malayan genera of the London Clay 
from Malaya, the view held by the authors of the fossil flora , (ii) 
the genera of the London Clay may be regarded as members of 
a widespread flora which in the course of the Tertiary period suffered 
progressive reduction and is now represented by enfeebled relicts 
in Indo-Malaya; (iii) that the London Clay flora, like the later 
floras, did not reach Europe from a south-eastern home but from 
the north. 

It is not possible in the space at my disposal to do more than 
mention these possibilities. The value attached to fossil plants 
as trustworthy criteria of climate is one of the most important 
considerations, and it is no doubt true to say that most students 
of psdsBobot&ny would agree with Mrs. Reid and Miss Chandler on 
this point. Their conclusions to a large extent depend upon the 
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truth of the assumption that plants do not alter their constitution 
in the course of ages; that the present relation between genera 
and species and climate is a safe guide to the relation of closely 
allied plants to climate in the past. Disinclination wholly to accept 
the conclusions still remains despite the arguments advanced by 
the two authors, largely because of the demand for a tropical climate 
in the region occupied by the London Clay. My view is that we 
are almost compelled to have recourse to some form of continental 
drift, or to admit the possibility that plants are not as conservative 
and as fixed in their reactions to climate as is generally supposed in 
order to account for the facts of phytogeography revealed by fossils. 

After reading the volume, which inspired tins article, I am at 
least convinced that Mrs. Reid and Miss Chandler have earned the 
gratitude and admiration of all students of ancient floras : their 
work is not merely important as a contribution to knowledge; it 
is a notable demonstration of the possibilities of intensive study of 
a fossil flora by botanists equipped with the necessary knowledge 
of living plants. 



THE RIVERS OF WALES AND THEIR 
CONNECTION WITH THE THAMES 

By PIlILir IwAKE, M A. 

The aim of a river in to reach the sea and attain nirvana in its 
waters. Our rivers in the end succeed, but for some the journey 
seems needlessly long and troubled. One of the head-streams of 
the Yorkshire Derwent rises a little more than a mile from the 
North Sea. It flow’s away from the sea to join the Derwent and 
at the junction the Derw’ent itself assumes a westerly course. About 
sixteen miles from the coast it seems to realise that it is going in the 
wrong direction and turns to the south, cuts through a ridge which 
is higher than the s^rce of this head-stream and at last enters the 
Ouse. Tlie water that rose about a mile from the sea must travel 
more than seventy miles to reach the head of the Humber estuary. 
There are other rivers in England and Wales that seem equally 
reluctant to lose their individuality in the ocean. 

Between 1860 and 1875 English geologists devoted a considerable 
amount of attention to the development of our river-systems. To 
that period belong the papers by Jukes * on the rivers of Cork and 
Waterford, and by Foster and Topley on those of the Weald, and 
the more general pa|^er by Ramsay on the river-oourses of England 
and Wales ; but this activity ceased with the publication, in 1876, 
of another paper by Ramsay on the history of the Welsh Dee The 
subject fell into disrepute at the Geological Society and for the 
rest of the oentiuy was practically ignored in its Journal. 

It was during this period of neglect in England that the laws 
of river-development were worked out in America and a new science 
arose. G. K. Gilbert laid the foundations, and the superstructure 
was built by W. M. Davis. It is not surprising that in this matter 
we owe so much to America. In our islands the physical features 
are seen through the veil of a haxy atmosphere and through a carpet 
of grs^ and other vegetation ; and, to add to our difficulties, the 
Glacial period introduced so many complications that some of our 
river-systems seem to have obeyed no laws at all. Many English 
^The refbrenoos are given at the end of the paper. 
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geologists were unwilling to accept the teachings of a region which, 
in these respects, is more favoured than our own; but, in spite of 
this, it was a paper by Davis on English rivers that revived 
interest in the subject. 



A glance at the accompanying map will show that in Wales there 
are many rivers flowing to the south-east or south-south-east but 
there are few that keep to this direction for more than ten or fifteen 
miles. Most of them turn abruptly to the north-east or to the 
south-west, some of them resuming their original direction farther 
on. To appreciate the significance of these sharp bends the reader 
should bear in mind that except near their sources the valleys of 
these Welsh rivers are cut deeply into solid rock. In an alluvial 
plain, where the rivers are only a few feet below the general level, 
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a very small obstacle may divert a stream and a single flood may 
cut a new channel. But to change the direction of a river that is 
flowing along the bottom of a deep valley is a very different matter. 
How this happened is one of the problems set before us. 

The island of Anglesey and the peninsulas north and south of 
Cardigan Bay are comparatively low-lying, though with isolated 
hills rising to a much greater height. Excluding these three areas 
the main mountain mass of Wales is roughly a rectangle with its 
longer sides running from north to south and its greatest height 
in the north-west corner, where all the peaks above 3,000 feet are 
grouped together. But the mass is not continuous. It is broken 
up by a series of valleys or depressions which cross it obliquely. 
Their general trend is from south-west to north-east, with a north¬ 
ward curvature towards their eastern end. Approximately they 
form arcs of ellipses, the longer axis of which runs from south-west 
to north-east through Snowdon. Some of these depressions are 
continuous throughout the mass, others cut deeply into it but die 
out in the highest ground ; many are short, too short to show 
any curvature. 

Four of these depressions have so profound an influence upon 
the drainage of the area that they require special notice, and for 
convenience may be called the major depressions. On the map 
they are lettered I-IV, and in order to direct attention to them 
without obscuring other detail they are distinguished by heavy 
lines drawn upon each side of the streams that flow along them. 
It should, however, be remarked that those heavy lines have no 
other purpose and they do not mark the lateral boundaries of the 
depressions. The shorter depressions with the same general trend 
are sufficiently indicated by the direction of the streams that occupy 
them. 

The first of these major depressions runs from the Portmadoe 
estuary, at the north-east comer of Cardigan Bay, past Ffestiniog 
and by the river Machno into the Conway valley. For more than 
two-thirds of its course its floor is less than a hundred feet above 
the sea, but across the high ridge between Ffestiniog and the Machno 
it reaches an altitude of about 1,560 feet. Even here, however, 
the depression is well defined, for north-west of it the ridge rises to 
more than 2,000 feet and south-east of it to more than 1,000 feet. 
At the Portmadoe end the depression continues south-westward 
beneath the sea for a distance of nearly thirty miles, and its floor 
reaches a depth of more than twenty fathoms. 

The second depression, perhaps the most striking of all, runs 
from the Barmouth estuary to Bala Lake. Beyond the lake its 
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floor rises and the depression shallows, but it still continues as a 
definite valley in the same direction to the head of the vale of dwyd. 
The highest point of the depression lies about three-and-a-half miles 
north-east of Bala, where its floor is about 900 feet above the sea. 

The third depression is the valley of the Upper Severn and does 
not cross the whole width of the mountain mass. It enters on the 
eastern side from the lowlands of Shropshire and passes south- 
westward through Welshpool and Newtown to Llanidloes, losing 
itself on the eastern slopes of Plynlimmon. Comparison with the 
second depression suggests that perhaps the low land of western 
Cheshire and the estuary of the Dee may constitute a northerly 
prolongation of the third. 

The fourth depression is also incomplete. It enters from the 
west at St. Bride’s Bay, jmsses through Haverfordwest and Car¬ 
marthen and along the valley of the Towy to Llandovery. Beyond 
Llandovery it continues in the same direction up the valley of the 
Bran, crosses the watershed by the same gap as the road A.481 
and opens out into the broad basin of Builth. From there it pro¬ 
ceeds, stQI preserving the same direction, up the valley of the Ithon 
to Llanbadarn Fawr. 

The first of these four depressions separates the north-west 
comer of the mountain mass from the rest of the rectangle ; the 
other three define the outer limits of three broad and roughly con¬ 
centric strips. The first depression receives most of the diuinage 
from the eastern and southern flanks of the Snowdonian massif but 
little enters it from its other side. Similarly each of the other 
depressions receives most of the drainage from the strip upon its 
inner side and little from that upon its outer side. The watershed 
of each strip is very near its inner edge and the strip as a whole 
slopes to its outer border. To prevent the possibility of misunder¬ 
standing here or elsewhere it should be noted that the terms inner 
and outer are used throughout with reference to Snowdon as a 
centre. The inner side is the side nearest to Snowdon. 

As a broad generalisation which corresponds closely with these 
facts we may imagine the mountain mass of Wales to be the south¬ 
eastern part of an elliptical dome. The longer axis of the dome 
runs approximately from S.W. to N.E. through Snowdon, and ito 
centre lies somewhere in the Irish Sea south-west of the Lleyn 
peninsula. We are not yet concerned with the question whether 
any such dome ever existed; the conception is introduced here 
simply to facilitate the description of the general drainage of the 
actual mountain mass. 

The streams which originate upon such a dome will not radiate 
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firom a point but firom a line, or from an elongated ellipse of which 
we may take Snowdon as the north-eastern end. But the dome is 
trenched by the four major depressions. Each strip into which it 
is thus divided is highest on its inner edge and slopes down towards 
its outer edge. Most of the rain that falls upon a strip will find 
its way into the trench along its outer edge and will be diverted 
along the trench to the N.E. or S.W.; only a small proportion will 
descend the steep inner edge into the inner trench. This is the 
general scheme of the actual drainage system, but here and there 
it is modified in various ways. 

Where a gully is worn in a steep slope any water that flows over 
the neighbouring surface during heavy rain will converge towards 
it, and the head of the gully will gradually bo cut farther back into 
the slope. In time the gully may be cut tltrough the watershed 
and capture the head of a stream that was flowing down the other 
slope. This, no doubt, is the explanation of the remarkable course 
of the upper Conway. For six or seven miles it flows towards our 
second depression and then turns abruptly and descends a steep 
and narrow valley into the first. Wherever the slojje on one side 
of a watershed is much steeper than on the other, changes of this 
kind are so common that they may be considered as normal develop¬ 
ments of the general scheme and call for no further remark here. 

But there are other departures from that scheme that are of 
mote importance and interest. Bala Lake lies in the second de¬ 
pression, in an elongated basin at the head of the deep valley that 
runs op from Barmouth. This valley seems to be the natural outlet 
of the basin and the floor of the lake Blojjes down towards it; but 
the water of the lake flows from the other end and escapes through 
a narrow rocky gorge cut through the ridge enclosing the basin. 
Here, accordingly, a considerable part of the drainage from the 
strip inside the second depression passes into the strip beyond it. 
This was a change brought about during the Glacial period. The 
original outlet towards Barmouth was blocked by ice, and is still 
blocked by glacial debris. The Bala basin flUed with water to the 
level of the lowest ioe-froe col across the surrounding hills, and the 
overflow began to out the gorge through which the water now 
escapes. As the gorge was deepened the level of the water-surface 
fell until it reached its present height. Near Rhiwlas, north of the 
town of Bala, there are well-marked terraces formed at the edge 
of the lake when it was much larger than it is to-day. 

There are a few other places where a port of the drainage from 
a strip on the inner side a major depression crosses to the strip 
b^emd. North-east of Bala the Ceirw and the Alwen drain eighty 
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or ninety square miles of the strip on the inner side of the second 
depression. The water of the Ceirw is quite unaffected by the 
depression. Without any change of direction it flows across it and 
joins the Dee at Corwen; and the Dee itself, from Corwen to the 
plains, follows the same general direction. The Alwen is deflected 
along the depression for rather leas than two miles and then joins 
the Ceirw. Since the Alwen is the larger of the two it gives its 
name to the united stream, but it is the Ceirw that maintains its 
general direction unchanged as far as the Welsh border. 

Farther south the Wye rises in Plynlimmon and flows to the 
south-south-east, crossing the fourth depression near its head. 

Finally, all the drainage that enters the fourth depression from 
the head of the Towy nearly to St Bride’s Bay breaks out from it 
southwards into the sea. But where it escapes the strip on the 
outer side of the depression is very narrow and is deeply indented 
by the sea. 

With these exceptions no water finds its way from the strip on 
the inner side of any of the four major depressions to the strip on 
its outer side. There are, however, many shorter valleys with the 
same trend as the major depressions. Some streams cross these 
without any change of course, others are diverted along them ; some 
of the latter break out again and resume their former direction. 

Returning to the general scheme we exclude from it the slope 
from the watershed to Cardigan Bay, and for the rest we still retain 
the conception of a dome in order to define direction, using the 
term radial for directions down the dome and transverse for directions 
along its flanks. In the northern part of Wales the strictly radial 
direction is nearly due east, in the central part it is south-east or 
south-south-east; everywhere the transverse direction is at right 
angles to the radial direction at the same point. 

With this terminology the river valleys fall naturally into two 
groups, viz. those that are more or less radial in direction and those 
that are transverse The transverse valleys are usually free from 
irregular kinks and bends, and they receive many tributaries from 
their inner side but few from their outer side. The radial valleys 
are less steady in direction and they receive tributaries equaUy 
from both sides. It should be noted, however, that where a trans¬ 
verse valley is wide the river witliin it may meander over a broad 
flat floor; and the third major depression is exceptional, for the 
valley itself shows a great bend above Newtown. 

Many short streams are radial throughout their course, ending 
in the sea or in a transverse valley, A few longer rivers retain the 
radial direction for twenty or thirty miles. The Ceirw, with its 
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natural continuation, the Dee below Corwen, is radial for about 
twenty-6ve miles; the Wye is a radial river for nearly forty miles 
from its source. But by far the greater number of streams that 
start in a radial direction are sooner or later deflected into a trans¬ 
verse valley. They may follow it to the border of the mountain 
mass, or they may escape and resume a radial course. The Wye 
itself, although it crosses the fomth major depression without 
deflection, turns into a transverse valley about fourteen miles lower 
down and does not leave it till it reaches the Welsh border. 

In the normal evolution of a river system upon a uniform slope 
composed of uniform material a number of rivers are developed 
running down the slojje, and these rivers receive tributaries equally 
from each side; both rivers and tributaries erode valleys. The 
radial valleys of Wales are erosion valleys out by the streams that 
occupy them. In direction they agree with the streams that would 
be developed on such a dome as we have imagined, and in general 
they are quite independent of the geological structure of the ancient 
rocks in which they are cut. The transverse valleys do not follow 
the general slope of the country through which they pass, but their 
directions are closely related to its geological structure. They lie 
along faults, folds or other lines of disturbamse. 

According to the sense in which the terms are used here the 
radial and transverse directions are everywhere at right angles to 
each other, and it may be thought that if the transverse valleys are 
related to the geological structure the radial valleys must be related 
also. This is true where transverse valleys exist; but there are 
large areas where the geological trend-lines are not in the direction 
that we have defined as transverse. Here there ore no transverse 
vaUeys, but radial valleys are as numerous and well-defined as else¬ 
where. The natural conclusion is that in their origin the radial 
valleys are unafiected by the geological structure, but that some¬ 
times the geological trend-lines happen to be in the transverse 
direction. It is only where this is the case that transverse valleys 
are developed. 

It seems clear, therefore, that the radial valleys difier from the 
transverse valleys in their origin, and it is probable accordingly that 
they difier also in their age. The transverse valleys divide the 
mountain mass more or less completely into a number of strips. 
In each strip the watershed is near its inner border and the general 
slope is towards its outer edge. If the transverse valleys were 
formed first the drainage of each strip would originate independently 
and there would be no reason why the radial streams in one strip 
should have any relation to those in any other. If the radial valleys 
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were formed first the transverse vaUeys must have cut across an 
already developed radial sjrstem, and the radial valleys of one strip 
would be oontinuetl into the next. The drainage of each strip into 
which the area is now divided will naturally be concentrated into 
the valleys which already exist; and consequently, at the present 
day, the radial streams of neighbouring strips will be in line with 
one another. 

Even the small map here provided is enough to show that the 
drainage of each strip is not independent of its neighbours. The 
radial streams of one strip often fall into line with those of the next, 
as if they were originally continuous across the intervening transverse 
valley. 

It will now be necessary for the reader to look more closely at 
this map. There is a danger that the eye, ]o.st in a multiplicity of 
lines, may not perceive the essential simplicity of the general scheme ; 
and therefore towards the borders of the map only the more im¬ 
portant streams are shown. This is the case especially on the 
eastern and southern sides, and also on the slope towards Cardigan 
Bay, which does not fall within the scheme. Over the rest of the 
map most of the streams that it is practicable to show on so small 
a scale are inserted ; but in order to keep the map as clear as possible 
few names are given, and most of the streams to which reference is 
made hereafter are indicated by letters only. » 

For a more complete representation of the whole river-system 
the reader may refer to the Physical Map of England and Wales 
on the scale of 1/1,000,000 issued by the Ordnance Survey, in which 
the general relief and the rivers are l)eautifuily shown. The smaller 
features which 1 have occasionally to mention, may be seen on the 
North Wales and South Wales sheets (4a and 7a) of the quarter- 
inch map, in which the relief is shown in greater detail. 

Upon my own map the probable courses of the three radial 
rivers that I now proceed to trace, are indicated by dotted lines 
running alongside existing streams and over existing cols. 

The Tryweryn (a) enters the second major degression near the 
town of Bala, and is there deflected. If, however, we continue in 
the original direction of the river across the depression we pass 
up the Himant valley and across a ool into the headwaters of the 
Tanat (6), a radial stream like the Tryweryn itself. The Tanat 
retains its direction unchanged tiU it joins the Severn, and the part 
of the Severn below the jimotion has the direction of the Tanat as 
far as the Shropshire lowland. 

The Llafar (c) enters the same depression from the north-west 
and falls into Bala Lake. But on the other side of the depression 
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the valley of the Vyrnwy (d) runs in the same direction as the 
Llafar, and in lino with it, to a point about a mile below Lake 
Vymwy. Here the river is deflected towards the south-west along 
a transverse valley, but about two miles farther on it escapes and 
resumes a radial course. Lower down it is again deflected, but this 
time towards the north-east, and when it comes into line with its 
original course it again becomes radial. Farther on it enters a 
more important transverse valley and again turns to the north¬ 
east, retaining this direction till it Joins the Tanat. 

But upon the other side of this transverse valley a radial valley 
in line with that occupied by the Upper Vyrnwy cuts across the 
high land between the Vymwy and the Severn, and on the other 
side of the Severn another valley, still in the same line, leads across 
a col into the Onny (c), which runs in the same direction and in 
the same line as the Upper Vyrnwy. The floors of the valleys 
uniting the Upper Vymwy with the Onny are nowhere so much 
as 600 feet al>ove the sea, though the hills on both sides rise to 
more than 1,000 feet. It seoms probable, therefore, that the valleys 
now occupied by the Llafar, the Upper Vvrnwy and the Onny are 
sections of a single radial valley which was once continuous but has 
since been broken up by the transverse valleys that now cross it. 
It is easy to trace this radial valley still farther. The Onny Joins 
the Teme (/), and the united stream, though called the Tome, is 
the direct continuation of the Onny. Aftor about eight miles it 
swerves aside in a wide curve but returns to the same direction and 
the same line liefore it reaches the Ijower Severn. 

The Camo (g) enters the thinl major depression from the north¬ 
west. On the other side of that depression and in line with the 
Oamo is the Upi>er Teme (A), which preserves the same direction 
os far as Knighton. Here it is deflected eastwards to Join the 
Onny, but the original line is carried on by a tributary of the Lugg 
(k) and the lower part of the Lugg itself. 

Many other examples of a similar kind might l>e given They 
are, indeed, so numerous that it is impossible to attribute them to 
accidental coincidence; and there is nothing in the geological 
structure to account for them. It seems certain that in North and 
central Wales a radial system of rivers had been established before 
the formation of the transverse valleys. Probably it arose upon 
a cover of later beds ooncealiiig the old rocks of the region. This 
is the explanation that lias been suggested by several writers for 
the more complete radial system of the Iiake District. 

In South Wales the development of the river-system has been 
discussed by Strahan, Trueman and R. 0. Jones. There is also a 

n 
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very interesting paper by 0. T. Jones upon the Upper Towy drains 
system, but he is concerned with its later history rather than with 
its initiation. Strahan, Trueman and R. 0. Jones all recognise 
the essential difference between the radial and the transverse valleys, 
although they do not use these terms. The transverse valleys 
follow lines of disturbance in the old rocks of the area, while the 
radial valleys pay no regard to geological structure. Strahan 
supposed that the river-system of South Wales was initiated upon 
a dope of Upper Cretaceous beds by which all the features of the 
PalsBOKoic rooks were blanketed, and the rivers still kept their 
original courses even when the Cretaceous covering was entirely 
worn away. He did not realise that there was any difference in age 
between the radial and the transverse valleys, and attributed the 
latter to tmeven upheaval along the lines of disturbance which 
already affected the older rocks. Trueman and Jones allow the 
possibility of a Cretaceous covering, but they recognise that the 
transverse valleys are of later date than the others, and Jones finds 
evidence that they were not formed till after the Cretaceous beds 
had been removed. Trueman thought that the transverse valleys 
were eroded along the belts of disturbance because they were belts 
of weakness. Jones shows that, in one case at least, there has 
been elevation on the outer side since the radial valleys were in 
existence. 

During the later part of the Cretaceous period, while the Chalk 
was being deposited, the English lowland was beneath the sea, and 
the sea must also have spread far up the sloiies of the highland 
areas. It was once supposed that the Chalk was a deep-sea form¬ 
ation, like the Globigerina ooze of the present day, but it is now 
clear that the analogy is fallacious. More recent estimates place 
the depth of the Chalk sea at about 200 fathoms (1,200 feet), for 
some of the beds and at still less for others. Even with this more 
moderate estimate it would require an elevation of 1,500-2,000 feet 
to bring the top of the Chiltem Hills, which are made of chalk, to 
thdr present altitude of over 700 feet. Moreover, the Chalk rises 
towards the west, and in that direction the elevation must have 
been still greater. The westward rise is enough to carry the base 
of the Chalk over the top of Snowdon. It seems almost certain, 
therefore, that the deposits of the Chalk sea must have covered a 
considerable part, if not the whole, of the Welsh mountain mass. 
No direct evidence, however, is left; the deposits were too soft to 
resist the glaciers of the Ice Age. 

If there was once a covering of Cretaceous beds over the whole, 
or the greater part, of Wales, the formation of the radial valleys is 
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easily explained. The whole area was elevated into a dome such' 
as we have imagined, and the rivers were initiated upon its surface. 
Their valleys were already deep before they reached the older rocks 
beneath, and therefore they kept to the same courses when they 
cut into those rocks, even after the original cover had been entirely 
worn away. Their directions are consequently independent of the 
geological structure of the rocks over which they now flow. 

It is probable that before the Upper Cretaceous beds were 
deposited, long-continued subaerial denudation had worn down the 
old rocks of Wales to a gently sloping plain, on wliich, perhaps, rose 
rounded hills formed of the most resistant rocks. Even if the sea 
did not spread over it, this plain might be raised into a dome, and 
radial rivers would begin upon it. If, however, there were no cover 
of later beds, the complicated geological structure of the old rocks 
would make its influence felt as soon as the rivers began to flow. 
There would be greater erosion along the softer beds and along the 
weaker belts, and the system would quickly become irregular. The 
radial streams that we have traced ignore so completely the structure 
of the rocks over which they now flow that their courses must have 
been determined before they reached those rocks. They must, in 
short, have originated upon a cover of more uniform composition. 

It was not till the radial rivers had cut their valleys down to 
the older rocks that the transverse valleys were developed, and 
there are two different causes that may have led to their formation. 
The lines of disturbance along which they lie are belts of weakness 
which would be easily eroded. As soon as these weaker belts were 
exposed, by the removal of the overlying cover, streams would begin 
to develop along them, running either into the sea or into some 
radial valley. The valleys of these streams would deepen and 
lengthen until the whole belt was hollowed out and became a con¬ 
tinuous depression. The waters of the radial streams running into 
the depression would be deflected along it to the sea or into a stronger 
radial river which for the time had kept its course. It is possible, 
for instance, that the second major depression has gradually been 
gouged out from both ends, but the excavation has not yet pro¬ 
ceeded far enough to deflect the Ceirw, which therefore continues 
to flow across the weak belt in its original direction. 

But the disturbances along this depression, along the fourth 
major depression, and along some of the shorter transverse valleys 
seem to have had a more direct influence than this. The Bala and 
Clwyd faults, which lie along the second depression, both have their 
upthrow upon the outer side. After their formation the strip upon 
the outer side of the present line of depression must have stood 
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far above the level of the strip upon its inner side. It still stands 
higher ; the hills outside the depr^sion, Cader Idris, Aran Mawddy, 
the Berwyns and the Olwydian range, are considerably higher than 
those that face them on the inner side. The main movements took 
place long ago and it is perhaps unlikely that the resulting difference 
of level has survived all subsequent vicissitudes ; but the faults 
are still lines of weakness, and more recent movement along them 
seems to have helped in the deflection of the radial rivers. In a 
dome built by man the joints between the stones or bricks are all 
planes of weakness, whether they run radially or transversely. If 
the abutments yield so that the donm begins to (‘ollajwie, it is (jhiefly 
the transverse joints that give way. There is u tendency for roughly 
concentric fractures to form, and in general the strip on the inner 
side of a fracture sinks farther than the strip on its outer side. 
But often a transverse fracture will curve inwards till it meets 
another; and there may be some strips that lie lower than the 
strips on each side of them. 

We can now understand the history of the Welsh river-system. 
While the Chalk was being dejHwitod in England the greater jMirt, 
if not the whole, of Wales lay beneath the sea. In Tertiary tinves 
there was a general upheaval, increasing in amount towards an 
axis which passed from N.E. to S.W. through Snowdon. An 
elliptical dome was raised which stretchetl across St. George’s 
Channel into Ireland, and upon this arose a radial system of rivers. 
Tlie dome collapsed and much of it sank beneath the sea, but the 
south-eastern part still stands and forms the mountain mass of 
Wales. Even here, however, the effects of the collapse are con¬ 
spicuous. Old transverse fractures along the sides of the dome 
re-opened and the dome subsided in roughly concentric strips, and 
in general each strip settled down farther than the strip outside it. 
Partly in this way and partly by erosion along the fractures the 
transverse valleys were formed ; the radial rivers were deflected into 
them, and the present complex drainage system was developed. 
There were irregularities such os might be expected upon a fallen 
dome ; but space does not allow us to deal with them or with the 
part that now forms the slope towards Cardigan Bay. 

A new question now arises. What happened to the radial rivers 
when they reached the English lowland ? Did they continue in 
the same direction or were they intercepted, as they are at present, 
by the Lower Dee and the Lower Severn ? In the former case some 
of them must have joined the Thames. 

Several of the streams which unite to form the Thames rise in 
the Cotteswold range. At the head of the valley of each there is 
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a gap in the ridge which was evidently out by running water but 
which is now dry. The explanation is simple. The Oolitic beds 
that form the range are now cut ofiF abruptly along its western scarp 
and at one time must have spread far over the Trias of the Severn 
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plain. ITpon this extended surface tljc rivers took their rise, and 
their present valleys, together with the gaps at their heads, are 
the truncated remains of tho valleys that were then begun. 

So much will readily be allowed by most observers. It requires 
only a moderate extension <»f the same idea to (sarry the original 
sources of the Ckitteswold tributaries of the Thames to the hills on 
the west, side of the Severn As long ago as 1882, in a paper that 
I have not been able to see, T. S Ellis of Gloucester made a sug¬ 
gestion of this kind. He thought that before the Vale of Gloucester 
had been hollowed out the Severn did not turn at Tewkesbury as 
it does now but went on across the line of the present Cotteswolds 
into the valley of the Coin Tho Leadon, which now enters the 
Severn at Gloucester, continued without change of direction and 
crossed the Cotteswold line about near Birdhp. 

A similar suggestion was made by Davis in 1895 and was more 
fully worked out by Buckman, who draws attention to Ellis's paper. 
Buekinan himself goes farther than Ellis and boldly traces the 
Evenlode, Windrush, Coin and other tributaries of tho Thames back 
to distant sources in Wales. In some of its details his map is highly 
imaginative but it shows very clearly that some of the Welsh rivers 
and those tributaries of the Thames arose on the same general slope. 

There is nothing improbable m this. Tho floor of the Vale of 
Gloucester consists of Trias and Lias, softer material than the old 
rock of the hills on the western side and softer also than the later 
beds that rest upon the Lias on the eastern side. Every geologist 
recognises that these later beds once spread over the valley to the 
hills on the other side, and indeed there is still a remnant left at 
Bredon Hill. It was not till after the Tertiary elevation that the 
valley was excavated through this overlying cover, and it was this 
elevation that gave to the beds their present south-easterly dip. 
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We may, in fact, extend our dome over the Midlands as far as the 
Thames; but not beyond, for south of the Thames the axes of 
uplift run from west to east. 

On this view the Cotteswold tributaries of the Thames fall into 
place as radial streams and the Lower Severn is a transverse river 
of later date. The Trias was a land formation and probably never 
extended into the highland much beyond its present limits. The 
succeeding beds spread farther and the Chalk may have covered 
the whole mass. When the dome was raised above the sea its flanks 
were gradually worn away and in time the Trias and Lias resting 
upon the hard old rocks were uncovered. In this soft belt a stream 
began to run into the Bristol Channel and erode its bed. It was 
by the gradual extension of this stream backwards along the soft 
belt that the valley of the I^ower Severn was formed. The radial 
rivers from Wales were deflected into it and their former continu¬ 
ations remain as tributaries of the Thames. It would lead us too 
far to deal with the origin of the Bristol Channel or of the Thames 
itself, for here we come within the influence of the southern uplifts. 

Buckman himself does not postulate a dome, but in effect starts 
with its worn south-eastern flank. He assumes an approximately 
plane surface reaching from North Wales to the Thames and sloping 
towards the south-east. Its altitude in the Malvern area was about 
1,300 feet and m the Cotteswolds about 700 feet. Upon this surface 
the rivers flowed towards the south-east until the Severn developed 
in the manner described and captured their upper portions. 

Ramsay and Strahan both look to special earth-movements to 
determine the course of the I^ower Severn. Both imagine an Upper 
Cretaceous cover extending far into Wales. Ramsay thinks that 
when Britain rose above the sea in Tertiary times the Cretaceous 
cover was given a tilt towards the western mountains and the 
Severn arose in the hollow thus formed along the foot of the moun¬ 
tain mass. It was a later movement that reversed the tilt and 
gave to the beds the south-easterly dip that we actually see. The 
weak point in this explanation is that there is no evidence that the 
Cretaceous beds ever had a westerly dip. 

Strahan supposes that somewhere west of the present outcrop 
of the Chalk there was an anticlmal axis, and from this axis the 
Cretaceous cover sloped towards the west. The Severn originated 
in the 83 mcline between this axis and the hills. Even though the 
Chalk has been removed from the anticline that he imagines, there 
should be evidence of it in the beds beneath. No such evidence 
is to be seen, and the explanation is quite as conjectural as 
Buckman’s. 
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Ramsay’s paper was published long before the American studies 
of river-development. Strahan wrote while there was still a pre¬ 
judice against them. It was not to be expected that happenings in 
the Wild West should provide a clue to the past of a well-regulated 
country like England. Time has brought a change of outlook. 

NOTE ON THE SECTION 

Owing to its small soalo the section is necessarily much generalised and 
no attempt has been made to show the bedding or foldmg of the Palaeozoic 
rocks. The general shape of the dome is indicated by continuing the base¬ 
line of the Chalk over the top of Snowdon. But it must be remembered that 
the dome lias since oollapHiHi. Before the collapse the mountain mass of 
Wales must have stoo<l higher than it (loe» now ; pierhaps a part of it may 
have risen above this line and ms}'’ not have binin covered even by the Chalk 
sea. The radial rivers arost^ uixui the CretaccHiiis 8urfiu?o before the collapse 
of the dome, the transverse valleys I -III afb'r the Creta<*eous cover had 
been rt^raoved and during the collapm^. The valley of the L#ower Severn was 
excavaUd in the soft bolt of Trias and Lias when the bods overlying it had 
Ijoen worn away. 
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MODERN SEISMOLOGY 

By F. J 8CRA8K, M A., B.So. 

Kfw (Jh^trvaiory 
iNTROnrCTION 

As the main branches of science expand and overlap each other 
new subdivisions become recognised. Geophysics is a conspicuous 
instance of such a subdivision and it is one in whicli there has been 
a ('onsidorable development of interest in recent years. In view 
of this development the National Research Council at Washington 
has thought it desirable to prepare a series of Bulletins on the 
Physics of the Earth with the object of giving scientists who have 
no special knowledge of the subject some idea of the present |) 08 ition 
of geophysics and its main problems. Several Bulletins of this 
series have already apfxmred, the most recent being one on Seis- 
mology ^ The authors of this volume, tnz J. B. Macclwane, H. O. 
Wood, H. F. Reid, J. A. Anderson and V Byerly, are all well-known 
seismologists, and their 83 mi}x> 8 ium forms a clear and compre¬ 
hensive 8urvej% mainly from the physical standjKiint, of modem ideas 
on the subject. In the present article it is not intended to give 
more than a brief outline of these ideas ; those readers who feel 
encouraged to enter more deeply into the subject will find the 
Research CounciFs National Bulletin a useful guide to further study 
of the physios of earthquakes. 

Thk Ghowtk of Modern Seismology 

Before the latter part of the last century seismology did not 
oiBer a very attractive field to sciontifi<i men, mainly because the 
data then available were crude and unreliable. That the subject 
has now taken its place as a quantitative physic-al science is due, 
in no small measure, to the pioneer work of John Milne, whose 
interest in the subject was roused by his experience of earthquakes 
during the period 1876 to 1895 when he was Professor of Mining 

^ BuUeHn of the National Research Council^ No. 90. Phymee oj the Eartkf 
6: Seismology, Pp. viii 4- 233 (Washington, D.C.: National Academy 
of ScienoeSt 1933). Paper, 2 doUiurs; cloth, 2.50 dollars. 
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and Mineralogy in Japan. The subject was also taken up by workers 
in Germany and Italy about the same time, and very soon various 
types of apparatus were devised to record eatrthquakes at great 
distances. On his return to England in 1896 Milne set up his own 
earthquake observatory at Shide in the Isle of Wight, and in 1897 
he inaugurated a scheme whereby recording-instruments were 
installed at a number of stations distributed all over the earth. 
The observatory at Shide became the central office of a world-wide 
seismic survey, and the comparative data thus obtained soon laid 
bare the main facts regarding the propagation of earth tremors 
through and round the world. A great advance was made at 
the beginning of the present century when Wiechert and his pupils 
at Gottingen took up the question of the interpretation of seis¬ 
mograms both from the observational and the theoretical side, 
and showed how the results lead to a knowledge of the physical 
properties of the earth. When Milne died m 1913 the organisation 
which he had built up passed into the hands of the late Professor 
H. H. Turner, who had shared Milne’s enthusiasm in the work for 
many years. In addition to his other duties Turner found time 
for much research in seismology, notably on earthquake periodicities 
and deep earthquakes, and his interest in the subject lasted right 
up to the last conscious minutes of his life, for the collapse which 
led to his death occurred whilst he was in the presidential chair of 
the International Seismological Association at the Stockholm 
Congress in August 1930. 

Progress in seismology is dependent to a very large extent on 
international co-operation, and for this reason alone the subject 
is deserving of all the support we can give it. Since the war the 
number of observing stations in the world-wide network has in¬ 
creased nearly threefold ; at the present time there are nearly 400. 
Practically every country in the world takes a share in the ob¬ 
servations. The work, started by Milne and continued by Tumor, 
of collecting the data and issuing a summary of the results is still 
undertaken in this country, at the University Observatory, Oxford, 
under the auspices of the British Association. In addition to the 
routine work of recording and measuring earthquakes a lai|^ 
amount of seismological research is now being done in many coun¬ 
tries, and this is leading to an increased knowledge of the properties 
of the earth. 


How Eabtuqttakbs Oooitr 

The earth’s crust has by no means reached a stable state; it 
is continually undergoing deformation under the influence of stresses 
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which develop within it. The deformation frequently takes the 
form of a sudden fracture in which the energy stored up by the 
strain is converted into the energy of internal motion. At the 
surface of fracture a displacement occurs which sets up vibrations 
that spread throughout the earth. The majority of severe earth¬ 
quakes are produced in this way; such earthquakes are said to 
be tectonic in origin to distinguish them from shocks caused by 
stresses arising from volcanic activity. The class of tectonic earth¬ 
quakes is by far the larger and more important one ; most of the 
shocks that occur in volcanic regions are small in total energy. 
Sometimes, however, shucks of greater violence appear to be associ¬ 
ated with volcanic eruptions, but it is doubtful whether these 
earthquakes are truly volcanic m origin. 

Whatever its origin an earthquake sets up a disturbance of the 
ground which is communicated to other parts of the earth in the 
form of waves. As the waves spreail out the motion of the ground 
at places distant from the origin of the shock is in general very 
small. With suitable recording apparatus, how'ever, it can be 
detected even at the opixmite end of the earth. In general, any 
earth movement may be considereil as made up of three linear 
displacements along directions at right angles to each other. A 
fully equipped observing station therefore requires three seis¬ 
mographs, and the components of the displacement which these 
are set to record are usually the north-south, the east-west and the 
vertical. Many stations, however, only record the horizontal com¬ 
ponents since vertical seismographs are generally more troublesome 
to operate. 


The Skismoobaph 

The main principle of the seismograph may be explained briefly 
as follows. A body attached rigidly to the ground will undergo the 
same displacements as the ground itself. If, however, the attachment 
is not rigid there will be some relative motion between the body and 
the ground, and it is this relative motion which enables us to deter¬ 
mine how the ground itself is moving. Thus the essential part 
of a seismograph is like a pendulum, the bob of which tends to 
remain stationary in space while everything to which it is attached 
is moving. Actually the bob does not remain stationary because 
it is impossible to eliminate entirely the effect of the attachment, 
but in certain circumstances it is possible to make allowance for 
this and so obtain the true motion of the ground. The modem 
development of seismt^gnphs has been in the direction of providing 
inoreaaed magnification of the relative motion and of ensuring 
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adequate damping of the moving system. The latter is necessary 
since any undamped oscillatory system has a period of its own 
irrespective of the period of the vibrations which are forced upon 
it, and in such a case the motion recorded bears no definite relation 
to the true earth motion. For magnifying the movement of the 
pendulum mechanical lever arrangements are tending to be dis¬ 
placed by optical or electromagnetic methods of recording which 
have the advantage of eliminating friction. In some of the older 
types of seismographs the weight of the main mass of the pendulum 
often ran into hundredweights or even tons ; it is now realised that 
such heavy systems are not necessary, and the tendency now is to 
go to the other extreme. The moving mass of the Wood-Anderson 
seismograph, for instance, weighs no more than a few grams, and 
whereas most other horizontal instruments use gravity as the 
restoring force this instrument employs the torsion of a stretched 
fibre. In vertical seismographs a coiled spring is generally used 
to control the motion of the pendulum, and the chief difficulty 
associated with these instruments is the effect of temperature on 
the elastic constants of the spring. This has been overcome to 
some extent by the use of elinvar alloy, but there is still plenty of 
room for improvement in the design of vertical seismographs. A 
point of very great importance in the recording of earthquakes is 
the accuracy of the timing of the records. There is no difficulty in 
getting sufficiently accurate time-marks from a control clock which 
can be checked by wireless time-signals, but unfortunately some 
seismograms suffer from the lack of uniformity of rotation of the 
recording drums. 


Earthquake Waves 

The record of a strong earthquake obtained on a modem seis¬ 
mograph at fairly large distances from the epicentre * usually 
presents a characteristic appearance. Three distinct portions can 
be recognised; the first has a sharp commencement followed by 
rapid but irregular oscillations. After a certain interval there is 
a second abrupt pulse and rather larger but still irregular vibrations. 
In the last phase the maximum movement is reached, and it is 
characterised by smoother oscillations of longer period and greater 
amplitudes. The disturbance then gradually dies away after 
lasting, in many cases, for several hours. Now in the theory of 
elastic vibrations in a homogeneous solid it had long been known 
that two types of waves could be transmitted through the medium 

^ The point within the earth at which the shook originates is called the 
focus; the epioentre is the pomt on the surface vertically above the foous. 
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with different velocities. One of these is known as the compressional 
or longitudinal wave, in recognition of the fact that the displacement 
of the medium occurs in the direction of propagation, as in the 
case of sound waves. The other is called the distortional or trans¬ 
verse wave since the displacement is at right angles to the direction 
of propagation, as is the case with light waves. For each type of 
wave the speed of propagation depends on the elastic constants 
and the density of the material. Seismologists are now agreed 
that on the seismogram of an eartlujuake at a fairly large distance 
the primary pulse, usually denoted by P, marks the arrival of the 
compressional wave, whilst the commencement of the second phase, 
denoted by S, indicates the arrival of the distortional wave. P*ro- 
fessor Turner very appropriately described these waves as the 
“ push ” and the “ shake ” waves. In addition to these body 
waves which travel through the medium, there is another type of 
wave which can travel along the surface in much the same way as 
water waves are propagated. These surface waves were discovered 
by Lord Rayleigh and are usually named after him. They play 
an important part in the third portion of the seismogram ; the 
commencement of this portion is usually called the long wave or 
L phase. 

With the improvement of instrumental records it was scxin found 
that the times of travel of the P and S waves gave a smooth curve 
when plotted against the distance from the epicentre. In 1907 
Wiechert and Zoeppritz constructed travel-time graphs from a 
careful examination of the reoonls of three well-defined earthquakes, 
and the tables derived by Turner from these graplis have served 
as a basis for all important seismological work until quite recently 
These tables have been used, for example, in the determination of 
epicentres and times of origin of earthquakes which are published 
regularly in the International Seismological Summary From the 
time interval between the P and the S phases at any station both 
the epioentral distance and the time of origin can be eHtimate<l by 
means of the tables, and if the time mtervals for three wel'- 
distributed stations are known the position of the epicentre can 
be located. A rough estimate of the position of the epicentre can 
often be obtained at a single station provided that good records 
of aU three components are available, for a comparison of the 
amplitudes of the components of the initial longitudinal pulse 
indicates the direction from which the wave has arrived ; this 
information together with an estimate of the distance obtained 
from the S-P interval gives the locality of the epicentre. 

It has been realised for some years now that the Zoeppritz- 
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Turner tables have appreciable errors, amounting at some distances 
to 20 seconds, and much work has been done recently on the con¬ 
struction of more accurate tables. H. JeflTe 3 TS and K. E. BuUen 
have obtained revised times of travel of P and S from a statistical 
analysis of data taken from a large number of the most fully observed 
earthquakes treated in the International Seismologioal Summary; 
these average times are probably accurate to within one or two 
seconds, but a point that remains doubtful is to what focal depth 
they correspond. The next step is to compare the average times 
with the data obtained from detailed studies of the records of indi¬ 
vidual earthquakes ; in this way local variations in the velocities 
of the waves and differences in the structure of tlie earth may be 
revealed. 


Wavbs in the Earth’s Cru.st 

Some information as to the constitution of the upper layers of 
the earth’s crust in certain continental regions has been obtained 
from the study of near earthquakes. The records of shocks at 
distances of less than about 800 km. often show not only the normal 
P and S pulses, but also other pairs of compressional and distortional 
waves that have travelled in the crustal layers. According to 
Jeffreys’ interpretation of these waves there are at least three, per¬ 
haps five, layers concerned ; the up[>er layer of granite (which is 
generally overlaid by one or two kilometres of sedimentary material) 
is about 10 km. thick ; the intermediate layers between the granite 
and the ultrabasic rock (which transmits the normal waves) are 
together about 20 km. thick. 

The existence of the crustal layers not only accounts for the 
phenomena of near earthquakes, but also goes a long way towards 
explaining certain observed characteristics of the surface waves 
which are not in agreement with the theory of waves on a homo¬ 
geneous solid. For instance, the simple theory does not account for 
the long train of waves which characterises the L phase; the 
velocity of Rayleigh waves in a homogeneous earth is independent 
of the wave length and so the Rayleigh phase should consist of a 
single disturbance instead of a long train. In a layered crust, 
however, we find a qualitative explanation in the effect of dispersion 
(i.c. the dependence of the velocity of a wave on its period), which 
converts an impulse into a series of approximately harmonic waves ; 
the amplitude of Rayleigh waves dies down with depth in a distance 
proportional to the wave length, so the short waves are confined to 
the upper layer, in which the velocity is least, whilst the longer waves 
extend into the lower layer where the velocity is greater. A quanti- 
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tative analysis of the Rayleigh waves is not at present available 
becatise the variation of their velocity with wave length has not yet 
been worked out. A further difference between the simple theory 
and the observed facts is that the motion in the theoretical Rayleigh 
wave is wholly in the plane containing the vertical and the direction 
of propagation, whereas the actual motion in the long-wave phase 
of an earthquake has a strong component at right angles to the 
direction of propagation. This difficulty was removed in 1911 by 
Ix)ve, who show'od that another type of surface wave, in which the 
displacement is horizontal and perpendicular to the direction of 
propagation, can be transmitted in a layer of finite thickness resting 
on a deep solid layer ; it is necessary that the velocity of distortional 
waves should be greater in the lower layer. Love waves, as they 
are called, are equivalent to horizontally polarised S waves reflected 
up and down within the upper layer in much the same way as light 
waves in a slab of glass, the upper face of which is a perfect reflector 
and the lower face bounded by material of higher refractive index. 
Since the displa(!ement in these waves is wholly horizontal they do 
not appear on seismograms of the vertical component. The study 
of Love waves has enabled Stoneley and others to obtain estimates 
of the thickness of the continental upfX'r layers ; their results are 
in reasonable agreement with those given by near earthquakes. 
Heismological evidence as to the structure of the crust under the 
oceans is nut so abundant, but the fact that surface waves travel 
appreciably faster along oceanic paths than along continental paths 
indicates that the granitic layer is tlnn or absent under the oceans ; 
this fits in with geological ovideiu^ w'hich shows that granitic rooks 
are comparatively rare on oceanic islands. 

Waves in the Interior of the Earth 

The waves of near earthquakes do not penetrate very deeply 
into the earth and the information which they yield is confined to 
the upper layers. The waves of distant earthquakes, on the other 
hand, reach great depths, and they enable us to obtain some know¬ 
ledge of the constitution of the interior of the earth. In the first 
place, the slopes of the time-distance curves of P and S indicate 
that the velocities of these waves, which are about 8 and 4-5 km. 
per sec. respectively just below the crust, increase with depth to 
about 13 and 7 km. per sec. at 2,900 km. below the surface. Since 
the velocity depends directly on the elasticity and inversely as the 
density of the material through which the wave is propagated, it 
appears that the elasticity increases more rapidly with depth than 
the density. The rate of change of velocity is not uniform all the 
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way down to 2,900 km. however; the latest time-distance tables of 
Jeffreys and BuUen indicate that there is a rapid increase of velocity 
at a depth of about 400 km. for which there is at present no satis¬ 
factory explanation. Further information about the rate of change 
of velocity with depth has been obtained by studying the variation 
of the amplitudes of recorded pulses with distance ; by this method 
Gutenberg inferred that a discontinuity occurs at a depth of about 
1,200 km. 

The waves which penetrate to a depth of 2,(K)0 km. travel to 
a distance of about 10,000 km. When this distance is exceeded the 
ordinary P and S waves become very feeble and difficult to identify, 
but at about 16,000 km. a new compressional wave appears and 
remains recognisable to the antipodes of the epicentre. The delay 
of this wave, compared with the ordinary P, shows that the velocity, 
instead of continuing to increase with depth, must suffer a decrease 
at some considerable depth This led Oldham to suggest that at 
this depth, which is now known to be about 2,900 km., there is 
a discontinuity which forms the boundary of a central core of the 
earth. The core acts like a lens and waves which are transmitted 
through it undergo refraction at the boundary. The effect is to 
produce a shadow zone in which neither the waves wliich just miss 
the core nor those which are refracted by the core appear; thus 
on seismograms recorded at distances between lO.lMW) and 16,000 km. 
neither the ordinary direct compressional wave nor the com¬ 
pressional wave which has travelled through the core can be 
recognised. Another point of very groat imjKirtance is that the 
core is apparently unable to transmit distortional waves; the 
S waves which strike the core are transformed on refraction 
into compressional waves which can change back to the S type 
when the boundary is crossed the second time. 8mce for the trans¬ 
mission of distortional waves a material possessing some rigidity 
is necessary, it is inferred that the central core of the earth is non- 
rigid and is therefore composed of material in the liquid state. On 
the seismogram of a distant earthquake a number of phases can 
usuaUy be recognised in addition to the P and S waves or the waves 
transmitted directly through the core. Some of these phases are 
due to reflexion of waves at or near the earth’s surface. Reflexion 
can also take place at the core boundary, and the fact that such 
reflected waves produce sharp pulses on the records shows that the 
transition between the solid shell and the liquid core must be a 
rapid one. 
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Deep Earthquakes 

Although there is still some difficulty in deciding what figure 
we may take as the average depth of focus of normal earthquakes 
it is almost certain that the majority of shocks originate at depths 
of less than 50 km. below the surface That some eartliquakes 
occur at much greater depths than this, however, was suggested by 
the late Professor Turner, who noticed that for some shocks the 
times of travel of the compressional waves to stations nearly anti¬ 
podal to the epicentre were consistently abnormal; if the focus 
is deeper than normal the waves arrive at distant stations earlier 
than the normal tune. For some years, however, Turner’s hypothe¬ 
sis of deep focus was not generally accepted because he also main¬ 
tained the possibility of abnormally shallow focus to account for 
a few^ shocks in which the compressional wave arrived late at anti¬ 
podal stations, and this implied that the normal focal depth is os 
great as 250 km. Independent evidence of the occurrence of deep 
focus earthquakes was obtained by Wadati, who noticed that some 
Japanese shocks showed an abnormal distribution of intensity over 
the region in which they could be felt and that the time intervals 
between the S and the P phases were abnormally large near the 
epicentre. The question was placed beyond doubt by the present 
writer, who identified on the records of supposed deep-focus earth¬ 
quakes certain phases which could only be explained as reflexions 
of P and S weaves near the epicentn^; such reflexions may occur in 
normal earthquakeii, but it is only when the focus is dec^p that those 
additional phases can be separated from the direct pulses Another 
charai'teristic of deep-fo<*u8 eartlujuakes, recognised by Stoneley 
and others, is that the surface waves aiT very weakly developed ; 
this is in agreement with theory which shows that the amplitudes 
of these waves should fall off rapidly with depth. The more recent 
work on this class of shock is mainly coru^rned with the construc tion 
of time-distance curves applicable to various focal depths. The 
preliminary curves prepared by the writer were obtained by applying 
appropriate corrections for the effect of abnormal depth to the 
Zoeppritz-Tumer tables for normal earthquakes, and they therefore 
suffered from the errors which were known to exist in these tables ; 
improved curves have been obtained from detailed studies of the 
records of individual shocks. The occurrence of earthquakes at 
such depths as 600 km., equivalent to nearly a tenth of the earth’s 
radius, is of great importance, for it implies the existence of materials 
of great strength at these depths. It is not definitely known what 
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is the significance of the observations which led Turner to attribute 
abnormally high foci to certain earthquakes, but it is probable that 
the apparent anomalies were due to certain phases being wrongly 
identified on the records. 


Earthqxtakbs Pbriodicitibs 

Although the primary causes of earthquakes lie within the 
earth, it is quite possible that the actual time of occurrence of a 
shock is determined by external factors. As a result of the gradual 
development of stresses in the earth’s cnist dislocation has to occur 
sooner or later, and the extra impulse which is sufficient to start the 
break may conceivably be brought about by secondary clauses out¬ 
side the solid earth. It is not surprising therefore that many in¬ 
vestigators have endeavoured to trace comiections between the 
occurrence of earthquakes and other natural phenomena. There have 
been numerous attempts to find periodicities and regttlar variations 
in the frequency of earthquakes, but so far the only two that appear 
to be well established are the solar diurnal and annual variations 
found by Davison. It is found that on the whole earthquakes are 
more frequent during the night than during the day, and more 
frequent in winter than in summer. A possible explanation, sug¬ 
gested by Davison and by Omori, is that these variations are due 
to the annual and diurnal changes in atmospheric pressure. The 
eleven-year period has been examined and it appears that in all 
parts of the world earthquakes ore more frequent in the years of 
many sunspots. Davison also investigated a nineteen-year period, 
and in this case the maximum frequencies of the northern hemisphere 
correspond with the minimum frequencies of the southern hemi¬ 
sphere ; the period is the same as the nutation period of the earth, 
and it appears probable that the strains associated with the move¬ 
ments of the earth’s axis are factors in determining when earthquakes 
shall occur. 

A large earthquake is usually followed by a series of after-shocks, 
the daily numbers of which at firat decline very rapidly. In a few 
days, however, the frequency curve flattens out but, as was demon¬ 
strated by Omori, it shows fluctuations which occur at intervals of 
a few days. Davison has examined these periodicities recently and 
finds that they are related to the phases of the moon. The 
occurrence of after-shocks was also investigated by Turner, who 
noticed that they appeared to recur at intervals of multiples of 21 
minutes ; the reality of this period, however, cannot be said to be 
definitely established. 
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Miokoskisms 

Although seismology is usually considered to be concerned only 
with earthquakes in the ordinary sense of the word, it also includes 
other shakings of the earth which are not due to fractures or sudden 
disturbances. At nearly every seismological station the records 
frequently show continuous oscillatory movements known as 
microseistns. The oscillations are much greater in winter than in 
summer and they appear to be associated in some way with atmo¬ 
spheric storms ; in fact, in some parts of the world attempts have 
been made to use them as a means of forecasting the approach of 
stormy weather. The exact nature of the connection is still in 
doubt. According to one theory microseisms are due to sea waves 
breaking on exposed coasts, but from a recent survey of microseismio 
disturbance during one month all over the world A. W. Lee has 
come to the conclusion that there is no good evidence that waves 
on one coast or another are directly responsible for the production 
of microseisms. Neither is there any satisfactory evidence that the 
phenomenon is due to sea waves m shallow water There still 
remains the jxiesibility tliat sea waves in deep water are effective, 
but this idea involves certain theoretical difficulties wliich must be 
cleared up before a satisfactory explanation is obtained. The effect 
of geological structure on microseismic disturbance has also been 
investigated theoretically by Lee, and it appears that the larger 
microseisms are to be expected where the sedimentary rocks are of 
greater thickness; the results of the world survey show that this 
conclusion is consistent with the geological evidence. 

Conclusion 

It will be realised from this brief outline that modem seismology 
affords an excellent illostration of the progress which can be made 
by the application of sound physical principles to a subject which 
hitherto had no claim to be recognised as a science. From the 
foundations so firmly laid by Milne seismology has developed in 
acoordanoe with the requirements of modern investigation and has 
become a quantitative science well worthy of its place as a branch 
of geophysics. It has already thrown much new Ught on the 
properties and structure of our globe, and it provides the most 
hopeful means of probing the secrets of the earth’s interior. 



ELEMENTS, OLD AND NEW» 

By JAMES KENDALL. M.A., D.So., F.K S. 

Pmfeuor of CfunHUtr^ in the nnivertnty of Edit^tryh 

“ Chemistry as a science is essentially a thing of the present, or 
rather of the present and the future ”—so runs 1 he opening sentence 
in James Campbell Brown’s IltMory of Chernisit y It is, indeed, 
one of the most fascinating features of ciiemistry that its outlook 
is forward, that its boundaries are continually extending, that each 
year brings new advances in knowledge Nevertheless, there is an 
art as well as a science of chemistry* and no one who propc^es to 
participate in the progress of the subject can afford to neglect its 
cultural and historical side The more fundamental the problem 
under study, the more necessary it becomes for the experimenter 
to orient himself with the work of past masters before drawing up 
a plan of attack. In the consideration of the most fundamental 
of all chemical problems, the constitution of matter, it is not sur¬ 
prising therefore that I should find myself compelled to base my 
discussion upon the earliest of scientific philosophers, the ancient 
Greeks. 

The continuity of matter, and its ultimate origin, were two 
questions which provoked their most intense speculation. All 
matter, according to Democritus, was granular in its structure ; 
it was made up of minute particles or “ atoms,” and when wo had 
(in fancy or otherwise) subdivided any particular sample of matter 
until we had reached individual atoms, then it was imjiossible to 
persevere any longer, since the atoms were indestructible, indivisible, 
unchangeable and eternal. The opposite opinion of Anaxagoras, 
however, that all matter was continuous and infinitely divisible, 
gained universal prestige through its adoption by the school of 
Aristotle, and until the beginning of the nineteenth century atoms 
remained completely in eclipse. As regards the ultimate source of 
matter, some favoured fire, others air, others water, others earth, 

» An abstract of the twenty-fifth Bedson Lecture, delivered at Newcastle- 
upon-Tyne, March 2, 1984, and of a lecture before the Chemical Colloquium 
of East London College, March 8, 1984. 
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but a compromiBe was finally reached whereby it was postulated 
that there were four “ elements ’*—fire, air, water and earth— 
and that all matter was built up out of these four elements, assembled 
together in different proportions. 

This opinion, although assailed by the alchemists in the Middle 
Ages, who based their faith on the three principles—mercury, 
sulphur and salt—survived until the middle of the seventeenth 
century A typical argument in its support is quoted by Boyle 
in his Sceptical Chymist : 

“ If you will but consider a piece of green wood burning in a 
chimney, you will readily discover in the disbanded parts of it 
the four elements. . . . The fire discovers itaelf in the flame by 
its own light; the smoke by asc-endmg to the top of the chimney, 
and then readily vanishing into air, like a river losing itself in the 
sea, sufficiently manifests to uhat element it belongs and gladly 
returns. The \%ater in its own form boiling and hissing at the ends 
of the burning wood betrays itself to more than one of our senses ; 
and the ashes by their weight, their fineness, and their dryness, put 
it past doubt that they belong to the element of earth.'' 

Robert Boyle—“ the father of chemistry and the brother of 
the Earl of Ckirk ’’—jiroceeded to refute both the hermetic philoso¬ 
phers, who set their tnist in the four elements of Aristotle, and the 
vulgar spagyrists, who believed in tlie three principles, and put 
forward the following as his own definition of the term element: 

“ I imrnn by elements certain primitive and simple, or perfectly 
unmingled bodies ; winch not being made of any other bodies, or 
of one another, are the ingredients of which all those called perfectly 
mixt bodies are immediately compounded, and into which they are 
ultimately resolved.’* 

Chemistry was still not sufficiently advanced at the time of 
Boyle for this definition to be given immediate practical application 
—the phlogiston theory, to which I shall return later, constituting 
the chief stumbling-block—but a century later Lavoisier placed it 
on a definite experimental basis, and all substances were regarded 
as worthy of the name of elements which could not be decomposed 
into, or built up by combination from, other substances in the 
laboratory. It is true that a few substance caused a great deal 
of controversy before their status could finally be agreed upon— 
quicklime, for example, was considered an element until Davy 
decomposed it by means of an electric current in 1808, and chlorine 
was long considered a compound of some other element with oxygen 
—^but as chemists grew more experienced in their methods of attack 
the debatable coses became fewer and fewer, and the list of recog- 
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nised elements steadily grew until the present maximum of 92 
was attained The revival of the atomic theory by Dalton enabled 
us to assign a definite atomic weight to each element, and their 
classification in order of increasing atomic weight gradually resulted 
in the triumphant rounding-oflF of the periodic system of Mendelejeff, 
which arranged the 92 elements in a limited series of “ chemical 
families.” In spite of this separation into groups, however, the 
atoms of different elements were regarded as fundamentally distinct 
until the end of the nineteenth centiuy. If the chemist of that 
time ever visualised the atom he visualised it as a tiny hard round 
ball; it was something static ; it was dead matter ; transmutation 
was a foolish dream of the alchemists. 

There had been, it must be noted, an interesting suggestion 
advanced in 1816 by William Prout, a young Edinburgh medical 
graduate, that all atomic weights could be expressed by whole 
numbers on the basis hydrogen, the lightest, as unity, and that the 
atoms of all elements might therefore be built up from more or less 
complex aggregates of atoms of hydrogen. At first Prout’s idea 
gained considerable support, but as more exact analytical methods 
were developed, divergences from integral values for the atomic 
weights of the heavier elements became so obvious that in 1860 the 
Belgian chemist Stas wrote the doom of Prout’s hypothesis in the 
words: “I have arrived at the absolute conviction, the complete 
certainty, so far os it is possible for a human being to attain to 
certainty in such matters, that the law of Prout is nothing but an 
illusion, a mere speculation definitely contradicted by experience.” 

With the advent of radioactivity, however, all our notions 
about the atom hod to be recast, and Prout’s hypothesis in a revised 
form was disinterred The complex series of radioactive disinte¬ 
grations from uranium through radium to lead demonstrated that 
atoms of one element were, after all, really transmutable to atoms 
of another, and a common fabric for the atoms of all elements was 
ultimately established in the dual form of protons (units of positive 
electricity) and electrons (units of negative electricity). Our first 
systematic “ picture ” of the atom, formulated by Rutherford in 
1911, showed it as consisting of a minute central nucleus, positively 
charged, surrounded by planetary electrons. The nucleus, con¬ 
taining all the protons, is responsible for practically the entire mass 
of the atom ; the external electrons, being set at relatively large 
distances from the nucleus, are responsible for practically all its 
volume. Only in radioactive transformations does the nucleus 
change; ordinary chemical reactions affect merely the external 
electrons. 
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The next step was made by Moseley, whose promising career 
was cut short by a Turkish bullet in the trenches at Gallipoli. 
Moseley lined up the elements like a company of soldiers on parade 
and made them call their “ atomic numbers ”—1, 2, 3, 4, etc., up 
to 92. These numbers represented, for each type of atom, the 
number of external electrons or, since the atom as a whole is neutral, 
the number of free protons in the nucleus. Hydrogen, the first 
element in the li?ie, has one of each ; helium, the second, has two ; 
chlorine, the 8evente.enth, has seventeen ; uranium, the last, has 
ninety-two. All atoms except hydrogen also contain, it must be 
noted, " proton-electron pairs ” (more recently termed rmUrons) 
in their nucleus, in sufficient quantity to make up the difference 
between the atomic number and the atomic mass. 

How can we, on this new basis, account for an element such as 
chlorine, with an atomic weight of 34-456 ? WhUe the elements 
with atomic weights that are essentially integral are far too frequent 
for the agreement to be due merely to chance, there do exist many 
elements like chlorine with atomic weights far removed from a 
whole number. The explanation, due to Aston, is very simple, but 
utterly at variance with the old ideas. There are tioo kinds of 
chlorine atom—one a perfect 35, the other a perfect 37— and 
naturally-occurring chlorine is a mixture of the two in the ratio 
required to give an average value of 35-466. The only difference 
between the two isotopen, as they are called, is that the heavier 
contains two extra proton-electron pairs in its nucleus. Externally, 
both isotopes are exactly the same, and therefore they are chemically 
identical in all of their properties, since, as has already been 
mentioned, ordinary chemical reactions affect only the external 
electrons. A great many other elements besides chlorine have 
also been shown to be isotopic, but this is a point which I shall 
consider later in greater detail. It is time now for me, having made 
a lightning survey of modern advances in our conception of the 
elements, to return to the four elements of Aristotle. 

It is very signifioant to note that modem chemistry may be 
divided into four main periods, in each of which one of these four 
elements—fire, air, earth and water—has been predomintmt. The 
" fire period ” corresponds to the phlogiston age of chemistry, 
stretching between Boyle and Lavoisier. Boyle knew that the rust 
of a metal was heavier than the original metal from which it had 
been obtained by the action of heat, but he thought that the increase 
in weight was due to the fact that particles of heat had permeated 
the metal, and he even wrote a book to prove that heat had weight! 
The advocates of the phlogiston theory thought that when a metal 
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like iron was changed to rust by heating, something was driven out 
of it, and this invisible something was cliristenod “ phlogiston.” 
When they were challenged to explain why the rust was heavier 
than the metal, instead of lighter, they advanced the beautiful 
hypothesis that phlogiston had a negative weight. lentil Joseph 
Black put cheinics.1 experimentation on a strictly quantitative basis, 
the phlogiston theory cbuld not be refuted, but when Lavoisier 
show'ed that it was oxygen from the air that united with a metal 
to form rust, and clinched every step in his experiments with 
numerical proof, the fire period of chemistry was ended. 

It was succeeded by a brilliant air period—the age of “ pneumatic 
chemistry ”—during which all the common ga.scs were recognised 
and studied, and even the rare gases of the atmosphere only just 
missed discovery by Cavendish. The small bubble of uncombined 
gas which Cavendish found to persist after repeated sparking of 
atmospheric nitrogen with oxygen remained undisturbed for more 
than a century, until Rayleigh and Ramsay added a whole new 
family of elements—neon, argon, krypton, xenon and niton—to 
our list. 

The greater part of the nineteenth century constitutes the earth 
period of chemistry, during which analysis of rocks and earths from 
all quarters of the world resulted in the discovery of a multitude of 
metallic and non-metallic elements. Many more have been claimed, 
indeed, than were actually confirmed by subsequent investigation. 
Thus the rare earth family of fifteen elements beginning with lanth¬ 
anum, which was long regarded by chemists as inordinately prolific 
although its status in the periodic system has now been satisfactorily 
established, has received at various times no fewer than seventy-six 
candidates in all for admission into its ranks. Most of these have 
not succeeded in passing the final tests. As an instance 1 may cite 
the element carolinum, proposed by an American chemist in 1904. 
When the same investigator, almost immediately afterwards, an- 
noimced a second new element and wished to christen it berzdium, 
the counter-suggestion was made that one be called North Carolinum 
and the other South Carolinum ! Unfortunately, however, both 
turned out to be illusory. 

I trust that I may be pardoned, at this point, for a brief digression. 
Some years ago, I was asked to deliver a lecture at the University 
of Minnesota on “ The Rare Earths.” Arriving at Minneapolis, I 
purchased a local newspaper, and saw to my horror a headline 
therein : Kendall to speak on Rare Herbs. The reporter wmit on 
to say that I was a noted authority on rare herbs, that I had written 
a book on rare herbs, and that 1 had discovered several new rare 
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herbs—all of which, of course, is untrue. The title of my talk, it 
seemed, had been given to the Press from the University over the 
telephone, and had been slightly confused in transmission When 
I entered the lecture theatre, I found an enthusiastic audience 
which appeared to me, in my embarrassment, to be mainly com¬ 
posed of botanists, pharmacists and boot-leggers, all waiting to get 
the latest dope on rare herbs. I was undecided how to start, until 
I remembered that one of the rare earth metals is named erbium. 
No Englishman is ever supposed to be capable of sounding an 
aspirate in the United States, so 1 concentrated my remarks on 
erbium for three-quarters of the lecture and then, when 1 ran out 
of material, switched to ytterbium. When all was over, I believe, 
some of mj’ listeners were still uncertain as to whether I had been 
speaking about rare earths or rare herbs. 

The earth period of chemistry is now over, but many problems 
connected with the earths are still of interest to chemists from a 
more modern view'point. I wish to describe, m short, one such 
problem which has recently been studied in my laboratories. 
Potassium, a common constituent of many rocks, is known to be 
slightly radioactive, and its radioactivity has been traced to the 
isotope of |K)tassium with mass 41, whose half-life period has been 
estimated at betw'een one hundred thousand million years (Holmes 
and Lawson) and one million million years (Miihlholf). Now the 
product, of this radioactive disintegration of {xitassium with mass 
41 is calcium with mass 41, whereas the atomic weight of normal 
calcium is only 40-076 7'ho possibility exists, therefore, that 
calcium extracted from a very old potassium-rich mineral may 
possess an average atomic weight dilferent from that of ordinary 
calcium. Two suitable minerals—pegmatites from Rhiconioh, 
Sutherlandshire, and Portsoy, Banffshire, both rich in potassium 
and containing only a small jM^rcentage of calcium, and with ages 
estimated by geologists at approximately one thousand million 
years and four hundri-d million years rosjiectively—were accordingly 
examined, and the calcium obtained from them was found, indeed, 
to have an atomic weight slightly above the normal, namely, 
40-089—40-092. Calculating back from this deviation, we arrive 
at a half-life period for the potassium isotope with mass 41 of one 
hundred thousand million years, in accordance with the estimate 
of Holmes and Lawson. 

The fourth period of chemistry—the water period—may be 
regarded as beginning fifty years ago, when the work of Van’t Hoff, 
Ostwald and Arrhenius ma^e dilute aqueous solutions the central 
topic of physical chemistry. As time went on, the solutions in- 
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veetigated became more and more dilate, almost justifying the jibe 
that physical chemistry was the study of slightly contamiimted 
water, but the climax has recently been reached in the discovery 
that pure water itself is not a single compound, since it contains 
a small fraction of “ heavy water ” with quite distinct properties. 
The steps leading up to this discovery, perhaps even more surprising 
than that of the rare gases of the atmosphere, may now be discussed 
in brief outline. 

The revival of the hypothesis of Prout, mentioned in an earlier 
section, would seem at first sight to necessitate that, since all atoms 
are built up of aggregates of protons and electrons and the hydrogen 
atom contains one of each, all atomic masses should be exact multi¬ 
ples of that of hydrogen. Actually this is not the case ; it is true 
that atomic masses are all almost exactly integral on the familiar 
basis oxygen — 16, but on this basis hytlrogen is not I but l-()0778, 
and if we recast our table with hydrogen as unity all the heavier 
atoms deviate very significantly from integral values. The explan¬ 
ation adduced for this is that the close packing of protons and 
electrons in the minute nucleus of heavier atoms involves such an 
enormous change in their energy as to afiect their mass appreciably, 
and this packing elfect is very nearly constant throughout the whole 
periodic system. The more exact later work of Aston does, indeed, 
indicate a sbght variation in the form of a regular curve as we go 
up the series of elements, but still the only atomic mass that is 
fundamentally out of line is that of hydrogen. It is perhaps rather 
unfau* to say this when in reality the hydrogen atom is the only one 
which behaves normally, but justice has to give way to convenience 
in this case as in many others. 

Until very recently, the agreement between the chemical atomic 
weight for hydrogen (1 *00778) and the mass of the hydrogen atom 
derived from Aston’s mass-spectrograph measurements was considered 
perfect. The discovery that oxygen contained small amounts of 
isotopes with masses 17 and 18, however, disturbed this exact con¬ 
cordance. The discrepancy, it may be noted, was only about one- 
fiftieth of one per cent., but this was sufficient to entice chemists 
to postulate the existence of a heavy isotope of hydrogen in quantity 
sufficient to restore the balance, and spectroscopic evidence of ui 
isotope with mass 2 was obtained by Urey, Briokwedde and Mxuphy 
in 1932. 

This heavy isotope constitutes only about one part in six thousand 
of ordinary hydrogen, and in view of the identity of chemical 
properties exhibited by the isotopes of other elements—<a point dis¬ 
cussed in detail previously—it would appear unlikely that it could 
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be readily isolated in a pure state, or that its compounds would 
be materially different from those of ordinary hydrogen. But the 
similarity between the isotopes of hydrogen is by no means com¬ 
parable with the similarity between the isotopes of heavier elements, 
say the two isotopes of chlorine. The new variety of hydrogen atom 
comprises a nucleus of one free proton and one proton-electron pair, 
with one external electron. Not only is its nucleus twice as massive 
as that of ordinary hydrogen, whereas the difference between the 
two chlorine nuclei is only a small fraction, but this nucleus is abo 
—particularly in the polar compounds of hydrogen where the single 
protecting electron migrates away—practically naked, whereas the 
nuclei of chlorine are wrapped around with successive and similar 
shells. 

While, therefore, many years’ work on the separation of the 
isotopes of chlorine by Harkins merely resulted in a very meagre 
fractionation, success in the separation of the two types of hydrogen 
has Vieon rapid and complete. The most striking results have been 
obtained by Lewis, at the University of California, who by a series 
of fractional electrolyses has obtained a residue of pure “ heavy 
water ”—water in which all the hydrogen is in the form of the heavy 
isotope with mass 2 In view of the many articles that have recently 
appeared discussing this compound, I shall restrict myself here to 
mentioning its salient differences from ordinary water. Its density 
is more than ten per cent, higher, it freezes at C (approxi¬ 

mately 39° F.), it boils at 101 6° C. (approximately 216° F.), and it 
has a maximum density at 11-6° C (approximately 53° F.). 

A few remarks about its biological behaviour, however, must 
be appended. Tobacco seeds will not germinate in pure heavy 
water, and the life processes of plants in diluted heavy water appear 
to be considerably retarded. Pure heavy water has also been 
showm to be toxic to various ejiccies of animal life, such as tadpoles 
and flatworms. What its effect upon the human organism may be 
is at present only a matter of interesting speculation; it is quite 
possible that it may turn out to be of immense importance in 
medicine. Whether the many forms of “ heavy alcohol ” which 
are theoretically possible will prove to be inferior or superior to the 
familiar variety in potability and potency is another problem for 
the chemist of the near future to investigate. 

In conclusion, the question may pertinently be raised: What 
will be the next period of chemistry ? Without attempting too 
ambitious a forecast, I should like to call attention to the fact that 
fire, air, earth and water do not, after all, exhaust the list of the 
olassioal elements. There still remains the " quintessence ”—the 
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imponderable “ ether.” The physicists have been much more 
faithful to this throughout the centuries than the chemists have 
been to the other four; only in very recent years has scepticism 
become general, and some of the older school still proclaim their 
faith in the ether. Perhaps we may see, in the ciurrent fusion which 
chemistry and physics are undergoing, the initial stages of an ether 
period of chemistry, when the effect of imponderable radiations on 
chemical substances will be the main topic of study, and a “ universe 
of light ” will be thrown upon many fields which remain at the 
moment quite obscured. 



THE TURBULENT MOTION OF FLUIDS 

By (j F. r. TRUBRIDUE. M.So. 

A KNOWLEDOR of the nature of the turbulent motion of liquids 
and gases is im[x>rtant in the solution of problems in aerodynamics 
and engineering. In many technical applications of hydrodyna- 
mical theory the effects of turbulence play an essential part. In 
this article the nature of turbulence from the physical and mathe¬ 
matical points of view will be discussed A brief account will be 
given of the ex|)erimental work and of the recent theories which 
have been put forward in order to explain the phenomena. 

It might well be asked what is the exact meaning of the word 
“ turbulence/’ but so far no one has given a concise definition 
(although it has been known for some time that there were two 
distinct types of flow for a fluid). Osborne Reynolds was the first 
investigator to make a distinct study of the transition from lammar 
to turbulent motion, but he did not use the word “ turbulence ” 
He experimented on the flow of water in glass tubes A stream of 
water was allowed to flow slowly through a luirizontal glass tube 
of about 2 inches diameter Since the transparency of the fluid 
rendered it impossible to see the internal motion, a small quantity 
of aniline dye w'os introduced at the entrance to the tube by means 
of a fine tube. Reynolds found that after a short time a single 
coloured stream extended right along the tube. As the velocity 
of flow was increased the colouretl sti'eam gradually became dis¬ 
torted and above a certain velocity, IT,, eddies began to form. 
As the velocity increased the eddies moved towards the mouthpiece? 
of the tube and finally the whole motion was winding or sinuous. 
When the action was reversed the eddies died out gradually. The 
critical velocity U, in this case was found to be more definite than 
the velocity Ui, which was found to depend on the preseiu'e of 
slight disturbances which may be present before the water enters 
the tube. 

Experiments with other fluids led to the introduction of the 
so-called Reynolds number R. This dimensionless numlier is used 
extensively to indicate the nature of the flow of fluids. If U is 
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the mean velocity of flow in cm. per sec., ft the viscosity in grams 
per. cm. per sec., q the density in grams per cc., and d the dia¬ 
meter of the tube in centimetres, then R = gUd/fi. 

When R<Ri the motion is generally called laminar while 
when R>R„ the motion is called turbulent. The indefinite 
region between these limits is also sometimes called turbulent. 
The term “ completely developed turbulence ” is used when the 
average properties of the flow are fairly regular. For very large 
values of R when the motion is extremely irregular, the state of 
flow is said to be tumultuous. 

Turbulent motion consists then of the irregular and random 
motion of vortices or eddies. The velocity and pressure at a given 
point in the fluid have no fixed values, but fluctuate about definite 
mean values. Particles situated very near one another acquire 
quite different velocities. A turbulent flow usually experiences a 
high resistance which is approximately proportional to the second 
power of the velocity of the mean motion. This increase of resist¬ 
ance is usually undesired, but there is a compensation in that the 
presence of turbulence renders possible a greater rise of pressure. 

Since Reynolds carried out his fundamental experiments many 
other investigations have been made in the flow of fluids. The 
variations of flow and of resistance as the Reynolds number changes 
may be studied by varying the diameter and the length of the 
tube, the velocity of flow and the working fluid. Very extensive 
experiments have been made by Stanton and Pannell at the National 
Physical Laboratory, working with air, water, and thick oils in 
commercially smooth drawn brass tubes and with velocities of flow 
ranging from 30 to 6,000 cm. per sec. The empirical formula for 
the surface friction D per unit area of the tube, which has been 
found by Lees for these results is, 

D = ieU*[0 00357 + 0-3052 (R)"® ®«]. 

This formula holds from the critical velocity (for which R - 2,320) 
through the whole range of the experiments and is the same 
whatever the type of fluid. 

For circular pipes R, is about 2,300, which value is not affected 
by the roughness of the pipe. For rectangular channels R, -= 1,440. 
Davies and White foimd that there is a third critical velocity 
below which eddies are not transmitted through the pipe althou g h 
they may be present in the fluid as it enters the pipe. The 
Reynolds number for this type of motion is 140 for squue pipes 
and higher for circular pipes. According to Schiller and FAmuffi 
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the value of can be raised to 22,000 for smooth tubes and to 
13,200 for rough tubes. 

Certain other methods of following the motion of a fluid besides 
using coloured streams have been introduced. Hele Shaw used 
small globules of air in a liquid to make the stream lines and tur¬ 
bulence visible. The fluctuations of velocity have been measured 
by a Robinson hot wire anenometer by Burgers and others. The 
Pitot tube with its orifice facing the flow and connected with a 
manometer has been used extensively. It must be remarked that 
the variations of the velocity at one place are so rapid that most 
measuring instruments furnish only the mean values of the quantity 
concerned. The instruments act as integrating devices. 

Fage and Townsend have examined the turbulent flow in pipes 
with an ultramicroscope. Minute particles present in tap water 
were intensely illuminated and viewed against a dark background. 
All observations were made without introducing any instruments 
in the fluid. As the speed of flow was increased through the critical 
range of Reynolds numbers, the changes of flow occurred with great 
suddenness There was no sign of a growth in the degree of tur¬ 
bulence, but only a change in the periods of laminar and turbulent 
motion. 

It will not be possible to give here detailed accounts of the 
experimental results and theories for the various problems which 
have been studied. The flow between two parallel planes, when 
stationary or when one or both planes are moving, the motion in 
tubes or cylindrical or other cross-sections, and between two con¬ 
centric rotating cylinders have been studied extensively. The 
excellent Report on Hydrodynamics published in 1932 by the 
National Research Council of America gives a great number of 
results and contains a comprehensive bibliography. 

In this paper we shall confine our attention to the problem of 
the flow between two smooth parallel planes. For this type of 
flow Kozeny gave the formula ; 

D = JeU*t0 00066 -i 0-04883(R)-‘] 

where the length used in the definition of R is half the distance 
between the planes. 

Osborne ^ynolds has developed a theory in which the real 
motion is decomposed into the so-called mean flow and the con¬ 
tinually fluctuating relative motion. The assumption is made that 
the equations of motion suggested by Navier and Stokes for the 
flow of a viscous fluid are valid when the motion is turbulent. 
The recent researches of Taylor for the motion between two rotating 
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oonoentrio cylinders, in which these equations are used, give the 
best confirmation of their validity. 

Let us then consider the flow of an incompressible viscous fluid 
between two parallel walls at a distance h apart. The X-axis of 
co-ordinates is taken in the direction of the main flow, the Y-axis 
perpendicular to the walls and the Z-axis perpendicular to both 
of the other axes. If u, v, w, denote the component velocities 
of the particle which is at the point x, y, z at time /, and p denotes 
the fluid pressure, the equations of motion are of the type ; 

du d(n^) d(nv) d(uw) „ _ 1 i 

dt dx dy ^ P dx ' q dz* / 

together with the equation of continuity • 

du dv dw 

— -L — r*-:; 

dx dy dz 

Reynolds regards w, v, w as fluctuating functions. Time means 
are introduced by means of the equation : 

= |^(x, y,z,t + t')dt' 

where each integral is taken Iwtween the limits i T, T being a fixed 
time independent of x, y, z, t. In other cases space means are 
used. Reynolds now writes u ~u + u',v-v-\-v',w~^w-\- w\ 
where u, v, w are the component velocities of the mean motion 
and u', v', w' are the component velocities of the relative motion. 
Mean values are always denoted by a bar. 

When the fluctuations are sufficiently numerous and distributed 
at random, certain rules for the mean values, which simplify the 
calculations, have been suggested by Reynolds and useil by many 
writers. By making use of these rules after taking the average 
values in the equations of motion, it can be easily shown that the 
equations for turbulent flow are of the same type as the equations 
for laminar flow, except for the additional stress components, 

T„ = gu'u', = QU'v' 

due to the turbulence. If the transformed equations are multiplied 
by u, V, w and added, the energy equation for the total flow is 
obtained. When this expression is integrated over the channel 
criterion for the increase or decrease of the mean energy of the 
turbulence may be obtained. 

From these investigations a critical value R — 268 for flow 
between parallel walls may be deduced. Ixjrentz has used a similar 
method, in which he introduced a special distribution of vorticity 
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in the form of elliptic vortices into the fluid, to discuss the stability 
of flow, Orr using the method and (*ertain ideas from wave motion 
found the values R * 180 for circular tubes and R ™ 117 or 177 
for flow between parallel planes according to the function assumed 
for the velocity. In these investigations it was necessary to restrict 
the motion to two dimensions to make the mathematics tractable. 

Prom these theories we obtain some idea as to how the mean 
motion is influoncetl by the relative motion, as in the equation 
governing the former occur the mean values of the squares and the 
piwlucts of the velocity components of the relative motion. The 
principal object of a theory of turbulence is to calculate these 
mean values. A complete theory should offer some conception as 
to the mamier in which the turbulence arises and give information 
about the structure of the motion. The mechanism of the con¬ 
nection between the motion in the c^entral part of the channel and 
the boundary in the immediate vicinity of the walls and the cause 
of the greatly iucreasexi resistance should also be elucidated. A 
formula for the resistance should follow theoretically to replace the 
omj)irkjal laws which have l)een put forward, and agree with 
experiment over wide ranges of values for R. 

During the last few years Prandtl and Karman have 8uccee<led 
in developing theoretically formulao for the velocity and resistance 
in the case of turbulent motion between parallel planes which are 
in cx('cllent agreement with the ex|X)rimental results of Nikuradse 
and Donch, in contrast to the hitherto purely empirical formulae 
These new expressions remain valid for very largo Reynolds num¬ 
bers. In this theory an attempt is mfule to cakmlate the additional 
stresses due to the turbulence in terms of the velocity of the mean 
motion. The suggestion is made that the tensor for the eddy 
stresses has a simple connection with the velocity vector a. The 
essential step is the introduction of a lengtlx I, which is called the 
Mischungsweg or mixing distance, and which plays a similar part 
to the free path in the kinetic th€x>ry of gases. Thi.s length was 
at first roganled os the diameter of a nuiss of fluid moving as a 
whole, but afterwards it was found more useful to identify it 
with the length of the path described by such a mass of fluid 
before it loses its individuality by mixing with the neighbour¬ 
ing masses of liquid. Cxjnsider a moving moss of fluid having 
a voUxjity equal to the mean velocity u at a place where it is at a 
certain time. If after a short interval it is displaced a distance I 
in the y-direotion transverse to the direction of flow, the change 
in the velocity of this mass is IBu/9y, by Taylor’s theorem, pro¬ 
vided I is small. The average fluctuation u' can be thus put equal 
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to Idu/dy. Assuming that the lateral motion v’ arises because two 
fluid masses with different velocities v>' collide or separate, v‘ is 
proportional to u'. The eddy-shearing stress acting between two 
adjacent layers of liquid may then be expressed in the form: 

T — Qu'v' — Ql\du/dy)* 

where the factor of proportion and the correlation factor occurring 
in the formulation of the mean product have been absorbed in the 
quantity 1. This formula for the eddy stresses has been generalised 
for three dimensions by Prandtl and ToUmien. The quantity I is 
a function of position and is zero at the walls because there the 
lateral motion is restricted, niroughout this theory it is necessary 
to use the idea of eddy viscosity. This coefficient of molar or 
mechanical viscosity dejiends on the speed and also on the boun¬ 
daries, whereas the molecular coefficient // is indejiendent of these 
quantities. 

In a similar way ICarman has developed a formula for the 
eddy stress for two dimensional motion. He usee the idea of 
mechanical similarity. The fluctuations of velocity in the y- 
direction are assu m ed to be small and of such a nature that they 
arise from a steady motion superposed on the main stream. The 
velocity of the mean motion is expressed in the form : 

« = + • • • 

and the stream function for the whole motion in the form : 

V>(x, y) - -)-...+ y, (x, y) 

where yo (x, y) is the stream function for the perturbation. I^et 
us write now x — li, y ~ It), — A/(f, r/), where I and A are 
lengths dependent on u, . . . and / is independent of these 
quantities. If the two dimensional form of the equations of motion 
is taken and the stream function and vorticity are introducetl by 
means of the relations ; 


r 

dx ^ 


we get the equations : 

dx dy 


dip dC 
dy dx 


C - W 
e 


where V* is the operator d'/dx^ + d'/dy'. By substituting the 
above expansions in these equations and retaining only the principal 
terms, it is found that the resulting equation can be satisfied by 
taking, «i/*~A, A, so that 
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To obtain these results n must be put equal to ssero. 
stress is then given by. 


so that 


T ~ ()P‘Ux^, I — kUi/Ut. 




The eddy 


For the motion l)otwoen two parallel planes y = rb we obtain, 
with the substitution I = kui/u, the expression, 

for the shearing stress at a distance y from the centre of the 
channel. Since u,/j7i® -- k(h()/r„y)^, a simple integration gives the 
formula : 

3m ^ _L 

dy 2k\Q)h-(hyji 

where we make -m, - oo at y — h. Integrating again we get with 

^max " ^0 • 



Using the values of To found by Nikuradse and Dbnch in their 
measurements of the velocity distribution, it is found that a good 
agreement with exjieriment is obtained by sotting k - 0-36. For 
the mixing length I we obtain the result: 

I --- k-ui/ut 2k{{hy)^ — y). 


If we put y — A ~ y,, in the region of a plane we get, 



By using Taylor’s idea that the distribution of the vortices in the 
turbulence at the wall can depend only on t„ and certain ideas 
about the boundary' layer, a formula for the resistance which 
agrees well with experiment can bo doducetl. This formula con¬ 
tains tw'O disposable constants, and is valid for values of R from 
2,000 to 1,000,000. 

Instead of the assumption that I — made by Karman 

to give some ideas about the magnitude of this quantity I, Prandtl 
assumed the formula: I ~ ky, where A is a numerical constant. 
This theory was very inspiring and produced many interesting 
theoretical solutions to problems which had long remained unsolved. 

From the nature of turbulent flow it appears likely that an 
application of the methods of statistical mechanics might yield 
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interesting results. The first paper on this subject was publisher 
in 1024 by Von Karman, who made use of the idea of probabilit; 
met with in the kinetic theory of gases. Let us consider thi 
special case in which the stream function for the fluctuating relativ* 
velocity is given by - A cos {ctx + py + y), so that 

u* = Aft sin (ocx -|- fty + y), t?' — Aa sin (ouc -f py -j y). 

We then have, 

•Tv = - JAV. (^' - g')’ - t /)■)■• 

H t)'*) — ^c® = tA*(a* + (f*), where c is the mean velocity o: 
fluctuation When wo substitute for A, we obtain : 


u V 


.* + fi*’ 



-f 


By fixing the value of c it is possible to determine the distribution 
of the quantities a, fi by means of the theory of probability. By 
using the equation of energy a distribution function is deduced, 
from which the mean value of the local frequency in the ar-direction 
and the “ wave length ” I of the distribution are given by the 
expressions : 



where Uo is the velocity obtained by dividing the volume of fluid 
which in unit of time flows through a perpendicular section of 
the channel, by the area of that section. 

This statistical theory is not adequate enough for the determina¬ 
tion of the quantity r. According to Von Karman, “ for this 
purpose we must consider what actually happens near the wall, 
and establish in particular the conditions under which the so-called 
boundary la 3 'er equations permit perio<iic solutions.” Since this jg 
difficult, Karman has to resort to a rough approximation. The results 
are then found to be in fairly good agreement with the facts. Two 
objections have been made to this theory,—(1) that the elements 
of the phase space are assumed to have the same weight, which 
cannot in any way bo substantiated, and (2) that if the Navier- 
Stokes differential equations are taken to be valid for the turbulent 
Bow, then the function y must satisfy a differential equation of the 
fourth order, which cannot be the case. 

In 1929 Burgers applied the methods of statistical mechanics 
bo the turbulence problem in an entirely different way from that of 
Karman. The completely turbulent state t)f flow in two dimensions 
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between two parallel walls is again considered. The restriction to 
two dimensions may introduce special features, as it appears quite 
likely that in the phenomena of ordinary turbulence vortices which 
have their axes parallel to the direction of the mean flow play an 
important part. Two possible ways of investigating the problem 
in three dimensions are being explored at present. 

Burgers starts with the Navier-Stokes hydrodynamical equations 
and following Re 3 moid 8 and Lorentz breaks up the motion into the 
continually fluctuating relative motion and the mean flow. Instead 
of the usual condition of constant total energy, Burgers uses 
the dissipation condition, which states that the relative motion 
obtains every second just as much energy from the mean motion 
as it loses in the same time in consequence of the viscous nature 
of the fluid. 

In applying the methods of statistical mechanics to the problem 
particular “ objects ” must be chosen to describe the various states 
of flow. By intro<lucing a quadratic space lattice, the state of flow 
can be fully stwcified by the values of the stream function for the 
relative motion at the lattice points. The velocity components 
are then represented by certain difference equations. 

An N-dimensional phase apace is now introduced with the 
values of the stream function at the lattice as co-ordinates. The 
various states of the relative motion at a series of instants with 
equal intervals of time between them are reprosenteti simultan¬ 
eously by a number of points M in the phase space. When M is 
sufficiently large it is apparent that mean values with respect to 
the time can bo c^alcuiated by using the ^Kiints in the phase space. 

This s{)aoo is divided up into a number of small N-dimensional 
cells and the numbers of points in these colls are denoted by w„ 
Hi, n», . . . The statistical probability W of the ensemble of fields 
of flow considered is then obtained by analogy with the kinetic 
theory, and is given by the usual formula W ---- M!/n,!n,!na! . . . . 
The hypothesis is then used that an appropriate set of {loints in 
the phase space enabling mean values to be calculatcxl, which also 
satisfies the dissipation condition and the boundary conditions, 
makes W a maximum. By using this idea and the equation for 
the mean motion, an expression can be found for the distribution 
function. After a lengthy and difficult calculation in which very 
rough approximations have to be made. Burgers succeeds in finding 
a lower limit O-OOO? for the resistance coefficient, which is of the 
same order of magnitude as the values found experimentally. An 
approximate formula is also deduced for the distribution of the 
velocity of the mean motion over the breadth of the channel. This 
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gives a velocity in the axis 1-26 times the mean velocity of flow, 
in contrast to the known value l-l. 

Since the theory is modelled on that of a conservative system, 
Burgers tried to prove the validity of Liouvillo’s theorem for his 
phase space, but he only succeeded in proving the theorem for the 
case of an ideal fluid. 

Tollmien has discussed this theory and he deduced, in con¬ 
junction with other facts, that the velocity fluctuations with wave 
lengths of order of magnitude of the lattice spacing preponderate 
to an unallowable degree. This tends to show tluit the introduc¬ 
tion of the point lattice into the continuous fluid I'annot be justifled, 
and Tollmien recently proposed other conditions of control. 

In 1933 Burgers published four papers in which a |)oint of 
view suggested in his last paper of 1929 is elaborated. The stream 
function y> is developed according to the normal solutions of a 
differential equation of the fourtli order, which is derived from 
the distribution function. The co-ordinates which serve as a frame¬ 
work for the construction of cells in the phase space, are the ampli¬ 
tudes with which the various normal solutions occur in the 
development 

Burgers now considers only quantities defined for instantan¬ 
eously observed modes of motion. The space between the walls is 
observed at M instants, separated by equal intervals of time, M 
being a large number. It is assumed that all the possible modes 
of motion under consideration are classified and of equal weight. 
The sequence of M pictures obtained in the above way then defines 
a microscopically described state of the system. The various modes 
of motion are numbered consecutively 1, 2, 3, . . . and the num¬ 
ber of times rii, n„ n, . . . each one of them occurs in the sequence 
of M pictures can be determined. By the usual argument the 
number of differently arranged sequences corresponding to the given 
set of numliers n^, n*, 7i„ . . . is found to be W — M’/«,’n ,! . . , 

The conditions to be satisfied are the shearing force and the 
dissipation conditions. By introducing the rules for the mean 
values, the relations from which the distribution function is derived 
are obtained. This function is : 



where c and p are constants, and A is an arbitrary function. The 
square bracket denotes that the quantity must be calculated for 
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the mode of motion numbered m. Since this exponent can be 
divided into two distinct parts, one depending on the mean motion 
and the other on the relative motion, it is possible to discuss these 
motions separately. 

The theory is developed by investigating which stream function 
y) gives a minimum value to the fraction . 




fdu' _ dv”' 
ydy dx 

For tlus purpose Burgers writes : y> -- XiiV) ®os ax + yi(y) sin aix, 
which function occurs in the theoretical researches on stability. 
This leads to a consideration of the solutions of the fourth order 
equation • ’ 


,iv 


20}%' 


f- - * oiB,A{X'x' + lX''x) = 0, 


where x - Zi + dashes denote differentiation with respect 

to y- __ 

Expressions are obtained for — v'v' and by in¬ 

troducing the complete stream function for the mode of motion 
numbered m, in terms of x- Further development of the tlieory 
depends on the assumption of a plausible form for the function A, 
so that the differential equation may be solved. This leads to a 
hypergeometric equation. 

By applying the same general statistical principles to the dis¬ 
tribution of the moan motion the formula . u ~ \dX/dy — Oy, is 
eventually obtained for the mean motion. Using the ideas of the 
lioundary layer and complicated mathematical analysis Burgers 
obtained the value C ,> 0'0074 for the resistance coefficient. Those 
values are somewhat higher than the experimental values. 

Although the results obtained by Burgers’ theory are not yet 
satisfactory, there is no doubt that an important stop forward 
has been made. The form in which the statistical methotl has 
been used can only bo justified by its apparent simplicity, and is 
modelled on the statistical treatment of a conservative system 
In its present form the method leads to a divergence in the dissipa¬ 
tion, but it is hoped to overcome this difficulty by further researches 
into the statistics of dissipative B3n3tems. 
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SOME BIOLOGICAL AND ECONOMIC 
ASPECTS OF THE GALL MIDGES 

Bv H. F. BAKNKS, M.A , Bh.D. 

tlMhamsUd ErperiimnUfU f3UU%m\ 

Pax^ I. ~ Introductory and Biological 

Introduction 

Thk gall midgea (Ceoidomyidcp) eompriHe a family of delicate flien, 
second to none in their variety of form and abundance. Small 
in ske, varying from under 1 mm. to about 6 mm in length, they 
may be most readily recognised by their antenneo and the simple 
venation of their wings. Most of them in their larval stage cause 
malformations or galls on plants and hence the name that has 
been applied to them 

Historically they rank os old stagers, Pliny having descrilied 
a gall formed by one of them on beech leaves. Further referencjes 
to their galls can be found in the literature of the sixteenth, seven¬ 
teenth and eighteenth centurie>s, but with few exceptions no 
mention is made of the insects producing these galls. Rcamur 
(1736-'40) was the first to describe some larva) and Linnseus (1758) 
was the first to describe one of the perfect insects. Other old 
writers, including Do (Jeer, Scliranck, Geoffrey and Fabricius, des- 
criViod other kinds. In 1803 Meigen recogniseil them as a distinct 
group and created the genus Cecidotnyia {9crixtdo^ gall, /itwa fly) 
to include all such forms as were then known. Notwithstanding 
the initial monographs of Bremi (1847), H Ixyew (1850), and Winnertz 
(1853), and a succession of many writers such os Laboull>f)ne, F. 
Loow, Meinert, B. Wagner, Karsch, Mik, Riley and Lintner, the 
knowledge of gall midges was very fragmentary until the lost forty 
years. Attention had been focuss^ on the galls, and their prcxluoers 
had been largely either forgotten or ignored. 

Then arose an international triumvirate—Rubsaamen, Kieffer 
and Felt—to whom the insect was more important than the gall 
and whose names will for ever be associated with the knowledge 
of gall midges. Tavares should also be linked with the big three 
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of modem times. These four workers, with the possible exception 
of KieflPer (see his Monographie des Cecidomyidea d’Europe et 
d'Algirie, 1900), turned their thoughts chiefly if not wholly towards 
the systematics of the Cecidomyidie. Their work, represented by 
series of monographic papers, is of the utmost importance. They 
have laid the basis of a lasting classification. Besides these workers, 
several students of the group have paid special attention to such 
forms as are of outstanding economic importance, for example the 
gall midges of cereals were studied by Marchal; and all the time 
there have been numerous investigators who have been describing 
new malformations due to these insects. The standard works on 
galls are those of Houard, who has written a scries of volumes 
dealing with the galls of Europe, Asia and Oceania as well as 
Central and South America, and that by J’elt on insect galls of 
America. 

Geologically, the oldest species known is one of the Secondary 
period found in English Purbeck. Several species which existed 
in the Tertiary period have been found in Baltic amber (Eocene) 
and in America representatives have been discovered in Ohgoceno 
beds and in Pleistocene swamp deposits. In the Quaternary period, 
a species has been found in copal of Africa. 

Geographically, the distribution of these insects is world-wide, 
a representative being recorded even from New Caledonia. But 
while the European and North American fauna are comparatively 
well known, those of Australia, New Zealand, India, Africa and 
many other places have been very incompletely studied. 

Numerically, the family is large. The number of species now 
described is about 3,500 belonging to about 400 genera. The 
proportion of genera containing only one species is considerable 
and probably more knowledge of the family will enable better 
groupings to be made in the future. It is perfectly safe to assume 
however that there are many species awaiting discovery. Only 
about 30 species are recorded as occurring in New Zealand, about 
100 each in Australia and India and about 150 from Africa as 
compared with 900 from the United States of America and about 
500 from Great Britain. 

It is the purpose of this article to illustrate the diversity of 
habit exhibited by the gall midges and their economic importance 
and to follow this by an account of the various methods which 
have been found effective in their control. The diversity in their 
structure can be appreciated by reading the works of Felt (Key 
to OaU Midges, N.Y. State Museum Bulletin 257, 1926) and Kieffer 
(Genera htsectorum, fascicule 152, 1913). 
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food affe(»ts the size in all s|K?cies. This may be au 
the plasticity of certain spt'oies and subsequently ma} 
on the evolution of sjiecies. 

Uniskxual Families, —Normally reproduction in 
midges is sexual and although parthenogenesis has been 
to occur this has never l>een subst^intiated. In a few in 
however, unisexual families are the rule. In addition to 
duction by the adults paxlogenosis, which is the multiplication 
individuals by larvae, takes place. But this phenomenon will I 
discussed later. 

The result of sexual reproduction as suggested by the chromo¬ 
some theory is that both sexes are produml in approximately equal 
numbers. Neverthel ^s it has been shown by Hmdle, when dealing 
with the common louse of man Pediculus humanus, and by Metz, 
whose studies on the fungus gnats of the genus Sciara deserve 
far greater attention than they have been given, that some insects 
although reproducing sexually give rise to four types of broods. 
These types are (1) entirely male, (2) entirely female, (3) male 
^ Zoo, Soc, London for 1932, 323-34. 
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on of unisexual families, as they are called, has 
to be the rule in about six species of the genus 
jind one species of the genus Thomamniana among 
ges.^ Here again individual females of an all-female 
give rise to any one of the four types of family. The 
ig feature of such sexual reproduction is that it usually 
brother and sister mating. The result of this should be 
d to the race as unwanted injurious recessive characters 
Uikt appear so frequently. 

In other species, while unisexual families are not the rule, there 
a significant departure from the 1 : 1 ratio irrespective of per¬ 
centages. In still other species the males appear to Iw in the 
minority as a normal occurrence giving a sex ratio of about 25 : 75. 

Fluctuation in Insect Numbebs.* —For a variety of reasons 
the gall midges are particularly suitable for population studies. 
In the first place it is quite possible to obtain large numbers of a 
particular species with a minimum amount of trouble. For example, 
from 120 heads of Meadow Foxtail grass from Dorset over 21,000 
larvm of CorUarinia mercer* have been obtained. Another reason 
1 Jl. Oemtvrj), 24, 1031, 225-34. 

* Jl. Animal Ecology, 1, 1932, 12-31, and 191-2 ; ibid., 2, 1933, 99-108. 
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u that while some species are univoitine, others have several broods 
a year. However, it is only of recent years that such studies have 
been made and already several interesting results have been obtained. 

The rapidity with which a pest can increase and decrease has 
been demonstrated; in the space of a year or one generation the 
numbers of Contarinia trUici larvae in 500 ears of wheat rose from 
2,200 to about 10,300, and in another year a decrease of the same 
magnitude has been observed. 

There are indications that weather conditions are of greater 
influence than natural enemies and parasites. In ono year when 
the wheat ears burst their sheaths a fortnight earlier than usual, 
the midges emerged about three weeks before their normal date. 
As the midges lay their eggs on the newly emerged wheat-ears 
and are short lived, one would have expected that in such a season 
there would be a great reduction in the infestation of the crop. 
This is exactly what happened In the case of S%todiplosis mosellana, 
one of the wheat-blossom midges, the number of larvae found in 
500 ears of wheat was just over 300 compared with about 3,000 
the previous season. No such violent reduction in numbers has 
yet l)een found to be directly due to the action of parasites. 

In another case, owing probably to the differential effect of 
weather on the midges and their parasites which caused the para¬ 
sites to emerge before the host midges, an outbreak of the midge 
has been noted. From an initial population of nearly 1,000 midges, 
obtained from 100 heads of Meadow Foxtail grass, the population 
rose to nearly 6,000 in the same sized sample. The numbers of 
parasites likewise fell enormously. A similar increase has been 
seen in another stiecies of gall midge, Mhabdophaga helerobia. This 
midge is multivoltino, and usually about 1,500 midges have been 
reared from 500 galls os well as about 1,500 Hymenopterous para¬ 
sites. In one particular year, however, about 2,800 midges were bred 
and only about 400 parasites. Thus while the total insect popula¬ 
tion remained about constant the parasitism fell from about 50 
per cent, to about 13 per cent. In another year owing to drought 
affecting the larval food supply the total population fell from the 
3,000 mark to about 1,000, but in tliis case the relative numbers 
of midges and parasites were not altered. 

Another peculiarly interesting fact has arisen regarding the 
parasitism of a multivoltine species, Dasynettra pyri. Samples of 
full-grown larvBB were obtained periodically from a very restricted 
area in Devon. For two years not a single parasite was recorded; 
in the subsequent four years parasites appeared but not in every 
generation of the midges. Three times were they present in the 
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overwintering generation and three times were they present in the 
second generation of the particular year, but not once were they 
recorded from the first generation of a year. Is this an instance 
where the parasite has not yet become perfectly adjiisted to its 
host’s life-cycle ? 

Parasites and Enemies. —Knowledge of the Hymenopterous 
parasites and other enemies of the Cecidomyidse is still fragmentaiy, 
but Marchal has studied'several parasites in detail including the 
Proctotrupid Inostemma piricola and the Platygaster Trichacis 
remulus. Birds, such as tits which attack the galls of Rhabdophaga 
heierobia, and bugs belonging to the family Antbocorida’ , for ex¬ 
ample Anthocoris nemorum which sucks the lar^'a*, pupsB and emerg¬ 
ing adults of Daayneura pyri, are to be numbered among the 
enemies. A vast field of research still lies ojxjn in this direction. 

Pjedogenesis.—T he production of larvaj by mother-larvae, as 
they are called, has been known for a long time to occur in the 
subfamily Heteropezina: of the Ceoidomyidae, but now this pheno¬ 
menon has been shown to occur in addition in another subfamily, 
the Lestreminae. 

Harris ^ and Gabritschevsky,* two recent workers on paedo- 
genetic forms, have shown that the larvae of Miastor and Oligarces 
have three forms. There are (o) typical white paedogenetic larvae 
without a sternal spatula or breastbone (anchor-process); (b) 

yellow paedogenetic larvae without a sternal spatula, the significance 
of these forms is obscure; and (c) pupa-forming larvae which 
possess a sternal spatula and which develop into adults. The 
adults mate normally and produce the paedogenetic larvae. The 
occurrence of these three larval forms has been shown to depend 
on environmental conditions. Only one sex is derived from one 
mother-larva. 

Larval Food Habits. —The larvae of gall midges exhibit an 
amazing diversity in their food habits and a close adaptation 
to their particular food, both of which typify the high degree 
of specialisation reached in the family. They can be primarily 
classified into two groups: (a) the phytophagous forms and (6) the 
zoophagous forms. 

Phytophagous Larvae.— -The great majority of gall midges 
come into this group which can be subdivided into those forms 

> Psyche, 30 , 1923, 96-101; loc. cit., 31 , 1924, 148-64 ; Biol. BuU., 48 , 
1926, 139-44 ; C. B. Soc. Biol. Paris, 88, 1923, 266-8; Proe. Nat. Acad. 
Set., 9, 1923. 

* Bull. Sor.. Ent. France, 1928, 75-9 ; BuU. Biol. Fr. Belgiqw,, 62 , 192S, 
478-624 ; Archtv. Entwick. Mech. Org., 121 , 1930, 460-66. 
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which cause galls, those forms which live in galls but do not cause 
them, and those forms which live on plants but neither cause gaUs 
nor live in them. 

Although almost every part of the plant, including the root, 
seems liable to gall formation, most of the galls are formed on the 
soft parts such as the buds, leaves and fruit. Indeed Felt has 
estimated that 70 per cent, of the American gall midges form 
such galls, while only 30 per cent, form gaUs on the harder parts 
such as the stems. In addition, wliilo most plants maintain one 
or more kinds of gall midge, there are striking groupings of allied 
8 i)ecie8 of midge and allied plant species. For example, species 
of tiie genus Khabdophaga are, with few exceptions, restricted to 
the genus Salix. This is further evidence of the great plasticity 
of the gall midges in that certain genera have adapted themselves 
to various host plants. 

There are relatively few forms which live in galls made by other 
insects but do not cause them. Most of these are to be found in 
the galls of other Cecidomyidaa; but several live in galls produced 
by Cynipids, others live in galls produoetl by Muscid flies, and at 
least one inhabits the galls made by a beetle. The exact mode 
of feeding of these larvae b not clear, but they are certainly not 
predaceous. 

The second largest group of the gall midges os a whole feed on 
plant tissue but do not inhabit galls. Many live in the florets 
of grasses and cereals, feeding on the developing seed. Other 
forms feed on resin, under the bark of trees, in decaying vegetation 
and on newly feUed timber. It is of interest to note here that in 
recent years there has been an isolated case of gall midge larvas 
being so numerous on the bodywork of a new motor-car {i.e. 
coming out of the wood) that the firm thought it desirable to bum 
the coachwork amd presumably compensate the owner. Another 
group feeds on rusts and other fungi. There is also a coprophilous 
group which feeds on the excreta of various fly and beetle larvae 
under bark and in old birds' nests. 

ZoopHACK)08 Lxrva!. —These gall midges can be conveniently 
divided into those which are internal parasites and those which 
ore predaceous. In the first group the best known example is 
Endapihis perfidua whose larvae live inside an aphid of Sycamore 
leaves. There is also another midge whose eggs are laid on the 
wings of the apple sucker Psyllia mali and whoso larvae are internal 
jMirasites of the Psyllia. Inhere is need here for some detailed 
morphological studies as to the structural adaptations involved. 
The second group comprises a number of forms which are pre- 
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daceous on other gall midge larvm, those which feed on mites and 
red spider, and those which feed on greenfly (Aphididas), sciale- 
insects and mealy-bugs (Coccidso), white-fly (Aleyrodidae) and thrips 
(Thripidse). Recent compilations have shown that there have 
been described about 50 species whose larvae are known to feed 
on aphitls, about 40 species on mites, about 40 species on scale 
insects and two on whitefly, while at least two are known to eat 
thrips. 

Choice and Restriction op Host Plant. —It is well knoivn 
that gall midges as a rule are very limited in their range of host 
plants and are intimately associated with them While some 
authorities have claimed that certain midge species liv^e on a number 
of plant species, there are many indications in the opposite direc¬ 
tion. These claims have usually been based on similar gall forma¬ 
tion, or the larv® found in the galls or in a few coses only on the 
adult midges. Any one who has had any experience of the gall 
midges as a group can at once point out the danger attendant on 
any one of these methods of identification, if used alone. The gall 
is the reaction of the plant to the presence of the insects and can 
vary considerably as will be shown later. No one would identify a 
midge species on larvse unless previous experience hod indicated 
that it could not possibly be mistaken for any allied species. And 
lastly midge species are exceedingly difficult to separate even in the 
adult stage. The more individuals one examines, the wider the 
variation seen. This apphes to any one dealing with hundreds of 
either sex, not a paltry five or six. 

The wheat-blossom midges have been found by experiment to 
be able to oviposit and live successfully on other plants besides 
wheat, e.g. Cmtarinia tritici on Ckiuch grass, Slender Foxtail grass 
and Rye. Other host plants are also recorded fur this species. 
Yet other species of the genus Cmtarinia seem restricted to one 
species of grass. Thus it appears possible that there are certain 
plastic species able to live on several host plants while other species 
are evolving and becoming restricted to particular plant species. 

Investigations on willow midges ‘ liave shown that one midge, 
Ehabdophaga heterobia, will attack all varieties of Salix triandra ’ 
but will not form galls on 8 . viminalia, 8. purpurea, 8. purpurea x 
viminalia, 8. viminalia x triandra, 8. alba vor. viteUina, 8. alba, 

8. ceendea, 8. fragilia, 8. nigricans, 8. americana nor on 8 . repena. 
Sometimes eggs are laid on some of these species but no galls 
result. Another species, R, terminalia, lives on two willow species 

1 Ann. App. Biol, 18, 1931, 75-82; loc, oil., 19, 1932, 243-52; Tka 
Times, February 6, 1933; and unpublished data. 
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8. ccerulea and 8. alba var. vitdlina, but cbooaes the former when 
available. It will not live on 8. triandra, 8. viminalis, 8. purpurea 
nor 8. viminalis x triandra. The possibility of midge strains must 
not however be ignored, especially in view of Painter’s work 
mentioned below. 

A few studies have recently been made with reference to the 
varietal resistance of plants to particular midge species. For 
example, Painter, Salmon and Parker ‘ have studied the resistance 
of wheat to the Hessian fly. Among interesting data five charao- 
teristics which affect the resistant qualities are discussed. These 
are (1) a decided difference in the number of flies which develop 
on the several varieties, (2) a kind of tolerance permitting the 
fly to develop without material damage to the plant, (3) the ability 
of some varieties of wheat to develop fly better and faster than 
other varieties, (4) the ability of wheat to develop tillers after 
infestation, and (5) the stiffness of straw in relation to Hessian fly 
damage. Painter has also found distinct biological strains of 
Hessian fly, one in the hard-wheat belt of central and western 
Kansas and one in the soft-wheat belt area of eastern Kansas. 

(Jajx and Insbcjt Spkcies.—S tudents of galls often identify 
gall midges by the kind of gall produced. There are many dangers 
in such a procedure. The state of growth of the plant at the time 
of oviposition by the insect and immediately subsequent to this 
has a great influence on the gall produced. For example, Rhabdo- 
phaga terminalis lays its eggs on the terminal buds of Salix ccerulea 
and the terminal leaves remain in a curled and crinkled state 
instead of unfolding naturally. The gall is at first reddish but 
later turns black. Sometimes, however, when the development of 
the eggs is retarded by the inclement weather more than the 
growth of the plant, the shoot goes on growing away fipom the 
leaves on which the eggs were originally laid. In such cases these 
latter leaves open and the larvae form blister-like galls along the 
midvein of the leaf.* In much the same way, the galls of R. 
heterobia vary from a type of gall which is merely a swollen lateral 
bud to the type in which it is a perfect rosette of small leaves. 

A single species of gall midge frequently produces several dis¬ 
tinct types of galls. The pea midge,* Contarinia pisi, causes mal¬ 
formed flowers, clusters of loaves and flowers with the flower-stalks 
absent or nearly so, and the larvcs also live inside the pods. 

RJkopalomyia Airfipe#,* an American species, produces an apical 

• KansM Agrio. Eiept. Station, Tech. Bull. 27, 1931. 

• Ann. Appl. Biol., 19, 1932, 24ft~7. » Jl. Mtn. Agr., 34, 1927, 169-61. 

• N.Y. State Mu$. BuU., 257, 1926, 24. 

a 
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gall on stunted shoots of Solidago but it also causes a subterranean 
gall on the buds from the root stocks. 

Furthermore several species of gall midges can be reared from 
the same gall and from the same kind of gall on one or more plants. 
In short then, it is hazardous in many cases to identify gall midge 
species using the galls or the galls and larvae only until much more 
biological work has been ^one on the midges themselves and the 
interrelationships of plant reactions and midge attack. 

Such then are the bionomics of the gall midges. 


Part n.— Economic Importance and Control 

Economic Importanck 

One would expect that a large family of flies, in which “ adaptive 
radiation ” is so pronounced, would be of considerable interest to 
the economic entomologist. Such is the case. The well-know'n 
Hessian fly is perhaps the best example because of the immense 
loss it has caus^ in the past to wheat growers in the United States 
of America. The pear midge, Contarinia pyrivora, whose larva) 
destroy young pears, is better known in this country. The variety 
of crops which suffer from gall midge attacks is almost inflnite : 
among field crops may be mentioned swedes and cauliflowers; 
wheat and sorghum among cereals; pear, cranberry and tomato 
among fruit; violets and newly budded roses among horticultural 
plants ; grapes, chrysanthemum and Hydrangea among greenhouse 
plants ; and box among ornamental shrubs. Among willow growers 
both for the basket and the cricket-bat industries, midges are again 
responsible for losses. Hop growers also suffer from the “ Strig 
maggot.” Seed production, especially that of red clover and 
grasses such as meadow foxtail, cocksfoot and timothy, is seriously 
affected. 

Besides the many injurious species of gall midges there are 
some of beneficial importance although they have only received 
scant attention up to the present. The prickly pear midges do 
BO much damage that Felt has stated that they would be regarded 
as beneficial in an area where these plants are undesirable. Felt 
has also stated that Daeyneura gibsoni, whose larvsB live in thistle- 
heads, is regarded as a useful check on the spread of thistle seed. 
In addition, many of the predaceous gall midges feed on injurious 
insects and mites and without doubt form a useful link in the faunal 
“chains” they frequent. As an example Therodiphsis peraicce, 
whose krvm feed on red spider in glass-houses, can bo mentioned. 
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Control Measures 

The chief metluxls of controlling insect pests are (1) cultural, 
(2) biological, (3) physical such as the use of heat, (4) chemical, 
(5) trapping such as grease banding, and (6) legislation. The first 
and last of those may be considered as preventive, while the fourth 
CRn only at best be palliative. Biological control may be either 
preventive or palliative. While there is a very real difference 
between the prevention and the cure of insect outbreaks, it is some¬ 
times difficult to draw hard and fast lines of distinction between 
the methods of control. A measure may be partly preventive and 
partly remedial. 

Cultural Methods — Such methods of control are by far the 
most imjwrtant m thwarting the ravages of gall midges and it 
will be seen that with few exceptions any control measures known 
to be useful against these insects are cultural in one form or another. 
Nearly all such methods aim at destroying the normal sequence 
of events in the life history of the pest and its food or host plant. 

The use of clean seed is fast becoming more and more a sine 
qua non. It is almost certain that one of the meadow foxtail 
midges, Dasyneura alo 2 >erurt, originally a European pest, was intro¬ 
duced into New Zealand, where it is now a iiest, through infect«d 
seed. Other midges that could be distributed with the seed are 
the jiea midge {Contarinia qmi), the red clover midge {Dasyneura 
tf^minicola) and the pod midge {D. brassiar). 

The date of sowing is very important in the case of attacks 
by at least one midge. A crop should be sown early or late 
according to the life history in the particular locality of the midge 
to be avoided. In America the sowing of w'heat is delayed until 
the “ safety ” or “ fiy-fre® ” date, which is when the main fiigbt 
of the Hessian fly is over. This method of control is based upon 
the fact that midges are short lived and that if a crop be sown 
after the main flight of a brood the crop should escape most of 
the injury to w'hich it is liable under normal conditions. The 
“ safety ” date originally had to bo determined in the first place 
separately for each locality by direct observation. Such observa¬ 
tions have been eliminated to some extent by the judicious use 
of the bioolimatio law which was developed by Hopkins. This 
states that all other conditions being equal, the variation in the 
date of a periodic event in the seasonal activities of a plant or 
animsd in America, north of Mexico, is at an average rate of four 
days for each degree of latitude, five degrees of longitude and 
400 feet of altitude—earlier southward, westward and descending 
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in the spring and early summer, and later in the reverse directions 
in late summer and autumn. It has been shown that wheat sown 
before the “ fly-free ” date was heavily infested, but that when 
wheat sowing was delayed until after this date very little infesta¬ 
tion occurred providing that there was no volunteer or self-sown 
wheat. 

The time of harvesting has been shown to have a marked effect 
on infestation by certain midges. In order to grow a crop of red 
clover seed it is the practice to cut the first growth green and so 
starve out the larv® of the red clover seed midges which are in the 
green heads of the clover. The subsequent growth of clover is 
free from midge attack as the direct result of this early cutting and 
so a good seed crop is obtained. Parallel to this cutting of a crop 
in order to kill larvro already present, there is another method. 
This is to delay the crop flowering until the main flight of the 
particular midges involved is past and so prevent the larvae ever 
getting on to the crop. This latter method has been shown to 
work in the case of the meadow foxtail midges. These midges 
normally prevent a good seed crop. By grazing or cutting the 
grass in order to prevent it from flowering until after the main 
flight of the midges, the loss of seed hats been lowered in an ex¬ 
periment jfrom 80 per cent, to 11 per cent. 

Manurial treatment of a crop is sometimes beneficial in pro¬ 
moting rapid growth which results in a potential insect attack 
being frustrated. As an exaunple of this it can be stated that 
whereas the normally slow growing cow-parsnip is very prone to 
attack by the midge Macrolabis corrugans, the cultivated parsnip 
is only rarely susceptible. In experiments although the midge 
oviposited time after time on the unopened leaves of the cultivated 
parsnip, only when the plants were developing slowly did the larvw 
establish themselves. In every other instance the leaves uncurled 
rapidly and exposed the eggs of the midges to direct sunUght in 
which they perished. If the larvae had had time to hatch the 
leaves would never have uncurled and so the larvae would have 
survived. 

The judicious use of manures and soil cultivation has also been 
shown to reduce the numbers of gall midge larvae in the soil. For 
example there is the work of Klee ^ which has shown that top 
dressing in April preceded by ploughing in the autumn materially 
reduced attacks by the two wheat-blossom midges, Contarinia tritici 
and 8 itodiplo$is moaelkma. Deep ploughing alone was distinctly 
beneficial but not so good as when followed by a top dressing. 

^ Die Brndhrung der Pflame, 18, 1932, 323-4. 
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A well-known practice to avoid pear midge attack ia intensive 
cultivation between the rows of pear trees during the summer as 
a control against midge attack the following year. This cultivating 
and hoeing has on occasion ^ been highly successful. It is designed 
to destroy the larvse in the soil after they have left the young 
pears. 

The general cleanliness of crop is very important in the control 
of several midges, e g. the Hessian fly, the swede midge and the 
wheat-blossom midges. Weeds must be discouraged as they pro¬ 
vide alternative host plants for these midges. Self-sown wheat 
and crop remnants also help the midges in maintaining their 
numbers. 

Rotation of crops can a priori bo expected to keep down midge 
numbers and make things more difficult for them, especially in 
view of the fact that gall midges are not strong fliers. 

The use of early or late varieties of plants as well as resistant 
varieties has been shown to bo useful in the case of the Hessian 
fly, the wheat-blossom midges and willow midges. It is here that 
the entomologist must work hand in hand with plant breeders. 

IVap crops have been recommended as a means of controlling 
the swede midge and the Hessian fly. Handpicking is always 
helpful when the crop is on a small scale, for instance in small 
orchards against pear midge attack. 

There is an effective old method of preventing attack by 
Thonuuiiniana oculiperda, the red bud borer on bush roses. This 
midge is in the habit of laying its eggs in the slit between the 
inserted bud and the stock of newly budded plants such as roses 
and apples, thereby preventing the bud from taking. Thousands 
of roses have been lost by this happening. The method is to 
earth up the bushes so that the soil is above the level of the buds, 
in this way the adult midges are unable to lay their eggs. The 
soil is leveUed again in the autumn after the buds have taken. 
This method has proved a distinct success in surface buddings. 

The custom of spreading grease, such as vaseline,* over the tie 
as a precaution against the red bud borer when budding roses 
and apples may be considered as cultmal in so far that it could 
and should be a normal practice in the procedure of budding. 
After the bud has been inserted, it must be tied in position and 
then a thorough coating of the grease should be appUed. This 
prevents the midges from ovipositing. The actual reason for this 
avoidance by the midges is probably due to the stickiness, although 

* Ann. Rept. II Supjderneni, East Mailing Res. Slot., 1931, 196-7. 

*Jl Min. Agric., 37, 1930. 69-63. 
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it may be partly chemical. Such a method cannot be considered 
as trapping because the midges are not caught on the grease. 

Biological Control. —This method of pest control is as yet 
untried against gall midge attacks. But on the other hand there 
is a project under discussion whereby an attempt will be made to 
use a midge, Therediplosis peraicce, against red spider in glass¬ 
houses. 

Chemical Control. —Straightforward applications of insecti- 
cidfts and fumigants have so far proved of little avail against insects 
of this family, with two exceptions. In America the boxwood leaf 
miner {Monarthropaljrua buxi) is controlled by spraying with nico¬ 
tine which penetrates the leaf tissue, and thechrysantJiomum midge 
(Diarthronomyia hypog(ra) is also controlled by fiiniigation and the 
use of sprays. But in the latter case the additional use of clean 
cuttings from the stock plants is most desirable. 

Legislation. —The use of legislation is essential in order to 
prevent the entry into new areas of proven pests. For example 
the boxwood leaf miner was introduced from Europe into the 
United States of America. Another instance was the recent out¬ 
break of the chrysanthemum midge in a few English glass-houses. 
This was obviously a case of introiluction from an infected area. 
Luckily it was prevented from establishing itself as a pest by the 
immediate spraying and burning of the infected plants whereby it 
seems to have been entirely wiped out. 

To sum up, the most efficient and desirable ways of controlling 
and preventing gall midges doing great damage are those which 
can be grouped under the heading of Cultural Methods. 
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PURE MATHEMATICS. By E. Maitland Wriuht, M.A . D.Phil, 
Christ Churoh, Oxfonl 

Waking’s Problem —Two recent publications by Professor L. E. 
Dickson of Chicago make this a topical subject; of these, one is a 
set of tables of representations of all integers up to 300,000 as sums 
of fifth powers, and is reviewed elsewhere in this number, the other 
is a fMiper in the Bulletin of the American Mathematical Society 
(39, 1933, 701-27). 

It was conjectured by Waring {Metlitationee Algehraicw, 1770) 
that every positive integer is the sum of at most 9 positive integral 
cubes, also of at most 19 fourth powers, and so on. In the same 
year Lagrange hod proveil that every integer is the sum of four 
integral squares The next theorem of this tyjie was proved by 
Liouville, who showed that every positive integer is the sum of not 
more than 63 fourth powers. This limit was reduced successively 
to 41. 39, 3S and finally to 37 by Lucas, Fleck, Landau and Wieferich 
respectively. 

Hilbert (1909) proved the important theorem that every positive 
integer n is the sura of at most g{k) positive integral Jfc-th powers, 
where g{k) depends on k but not on n. Hilbert’s proof has since 
been considerably simplified. 

Wieferich proved that every integer is the sum of 9 cubes and 
Landau that every sufficiently large integer is the sum of 8 cubes. 

The next great step forwartl in this field was made by Hardy 
and Littlewo^, who developeii an analytic method to deal with 
the problem. They proved that every sufficiently large integer is 
the sum of at most 0{k) positive it-th powers, where I: > 4 and 

0{k) ^ {\k - l)2*-‘ + * + 6 + 

the number being the greatest integer lees than or equal to 
(k — 2) log 2 — log A: + log (k — 2) 

~ log * - log (k -\) 

Gelbke applied a method due to VinogradofF to simplify the proof 
of this theorem. 
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In his paper referred to above Dickson gives an account of a 
method developed by himself and his pupils to determine an upper 
bound for g{k). The method may be illustrated by an account of 
the work for the case of fifth powers. Using the Hardy-Littlewood- 
Gelbke method, James has proved that every « > is a sum of 
not more than 64 fifth jwwers where log L = 34261. It remains 
to show that every integer less than or equal to is a sum of not 
more than 64 fifth powers. The number L is, of course, enormously 
large and it is quite impossible to calculate representations for all 
integers up to L. However it was found by direct calculation that 
all numbers from 98,605 to 191,263 are sums of 16 fifth powers ; 
all from 191,264 to 470,348 are sums of 16 ; all from 470,349 to 
786,159 are sums of 14 and all on to 839,000 are sums of 13. The 
tables from which these results were deduced are those published 
by the British Association forL. E. Dickson (see above). “ A further 
table was made from A — 839,000 to 929,000 and used to prove 
that all numbers from A to B — 1,466,800 are sums of 13 fifth 
powers. Another table from B to 1,600,000 showed that 12 
powers suffice except for seven numbers which seem to require 13. 
It was used to prove that 13 powers suffice from B to C ~ 3,470,000. 
A final table from G to D — 3,600,000 showed that 11 powers 
suffice except for 13 numbers which seem to require 12. It was 
used to prove that 12 powers suffice from C to D-fl8®=-- 
5,489,668.” Dickson then applies his “ Formula* of Ascent ” to 
these results and shows without further direct calculation that 64 
powers suffice from A to L. Hence flr(6) «< 64. 

This outline indicates the tremendous amount of labour involved 
and makes it appear probable that the real value of g(6) is much 
lower than 64. It is known that g(5) is not less than 37. The 
results now published are as follows : jr(4) < 36, g(6) •< 64, 

fir{6)<160, g(7)<320, flr(8) < 576, jr(9) < 1177, s7(10)<2421, 

g(12)< 10711. These are all improvements on previous results. 

Waring’s Problem may be modified as follows. We may con¬ 
sider the representations of » in the form 

» = ± mi* ± w,* ± wt** ± . . . ± m/‘, 
where n, mi, m,, . . ., m, are integers, and try to determine v(k), 
the least value of « for which such a representation is possible for 
all values of n. Obviously •< g(ifc). The problem is due to 
Oltramare, although he considered only the case of cubes. He 
proved that v(3) < 6 as follows. If n is any integer, the number 
n* — » is divisible by 6, for 

n* — n ^ n{n — l)(n -f 1). 
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Since n — 1, «, n -f 1 are consecutive numbers at least one is 
divisible by 2 and at least one by 3 ; hence their product is divisible 
by 6. Then 

n - «» = - = 2»9 - (t) + l)s - (» - 1)*, 

and so 

n - - 71® + 2t;® — (» f- 1)* — (v — 1)*. 

This shows that t>(3) 5. On the other hand, it is easy to sec that 

v(3) 4 ; for every cube has the remainder 0 or 1 when divided 

by 9 and so numbers of the form 9x ± 4 require at least 4 positive 
or negative cubes to represent them. We see then that )y(3) = 4 
or t’(3) -- 5 ; which of these is true is as yet unknown. 

Vesely (Cas&pifi pro pestmani Maimudiky a Fyaiky, 62 (1933), 
123-7) has recently pointed out that tj(2) — 3. If ti b odd, wo have 

11 ~ 2m + 1 == (m + 1)* — »n*, 
while if n is even 

n = 2771 -= (771 + 1)® — 771® — 1®. 

On the other hand the number 6, for example, cannot be expressed 
by less than 3 squares. 

It is not difficult to extend Oltrainare’s method and one can 
prove that 8 7?(4) 12, 5 v(5) 10, and so on. The most 

striking result in this direction is that tj(20) <" 185. This may be 
compared with the known result that 1 /( 20 ) 1,000,000. 

In a recent paper {Maihematische Annalen, 109 (1933), 196-9), 
R. D. James has shown that every sufficiently large integer is a 
sum of not more than eight pyramidal numbers, that is numlKjrs 
of the form (x® — x)/6, where x is a positive integer. Empirics,! 
results indicate that a better result is true and that eight should be 
replaced by a smaller number. 

The Fuhdambntal Theorem of Arithmetic. —In a short note 
(Quarterly Jour, of Math., 4 (1933), 319), Professor Lindemann has 
given a new and very simple proof of the fundamental theorem of 
arithmetic that every integer can be factorised into primes in one 
way and one way only, apart from the order of the factors. 

If the fundamental theorem is not true, let n be the least integer 
with two essentially different decompositions into prime factors, 
namely 

n = PxPrf7, . . . . . . 

Then we shall show that a number n' <Cn exists for which two 
different decompositions ore possible. This contradicts the hypo¬ 
thesis that 7t is the least such number and so the theorem is 
proved. 
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We may clearly suppose that jJi<Pi<. . •.?»<?!<• • •, 
and also that no Pi is equal to any (for otherwise these could be 
removed and we should have found our n'). Hence pi^ Vn, 
?i ^ v''n and, since Pi one of these must be actually less 
than Vn. Hence and 

PiPtP* ... - Piqi qiqt ... - Piqi 

is a positive number. Hence 

PtiVtP* ...-?») =7»(?»g. . • • -Pi). 

There are two possibilities : 

(а) q I divides Ptp»- • • • Then n' - , smaller by the 

factor 2h than n, has two decompositions, one containing q^ and 
one not. 

(б) does not divide . . . Then it does not divide 

PtPi . . • “ ?!• Hence 

n' =Pi(piPt . . . - gi) -=pjrir. 

where no r is g„ while, since 

«’ = gi{gig«gt... - pi), 

it also has a decomposition in which one prime is g,. Thus 
which is smaller by pjg, than n, has two different decompositions. 

ASTRONOMY. By R. W. Weioi.ey, M.A., Royal Observatory, Edin* 
burgh. 

Thb Planets. —In his George Darwin Lecture (Monthly Notices, 
R A S., 93, No 9) V. M. Slipher took as his subject “ Spectrographio 
Studies of the Planets,” and gave a general account of the work 
done in this connection during the last thirty years at the Ijowell 
Observatory, an institution founded primarily for the intensive 
study of the planet Mars. Recent advances in spectrography have 
been mainly due to the enormous improvement in the recording 
power of photographic plates. At the beginning of the century 
photography of the red end of the spectrum was practically im¬ 
possible ; with the commercial plates then available A 6000 was the 
maximum limit in wavelength, and even with the aid of sensitising 
dyes it could not be advanced more than another 600 &ngstrom8 
towards the red. In striking contrast, it is now possible to record 
the spectrum to beyond A 10,600 in the deep infra-red, and in no 
astronomical field is this gain in photographic efficiency as important 
as in the study of the planets. The atmospheres of these bodies 
show a strong selective absorption which increases rapidly in the 
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long wavelengths, and as this tendency persists as far as A 10,500 
it is probable that still more valuable knowledge is awaiting any 
further penetration into the heat spectrum. 

The method followed at the Lowell Observatory is to photograph 
alongside each planetary spectrogram one of the moon taken as 
nearly as possible at the same elevation in the sky. The path of 
the light through the earth’s atmosphere is then identical in the 
two cases, and any observable diflFerenoes between the two spectra 
can safely be ascribed to the peculiar action of the planet in question. 

Dr. Slipher divides tiie planets into two main classes. The first 
group, containing Mercury, Venus, the Earth, Mars and, somewhat 
strangely, Pluto show but little addition to the lines produced by 
our own atmosphere , whereas the second, comprising the four giant 
planets Jupiter, Saturn, Uranus and Neptune show strong selective 
absorptions peculiar to themselves, which seem to increase in in¬ 
tensity H'ith the planet’s distance from the sun. 

Mercury is always a difficult object to observe owing to its 
proximity to the sun, but its spectrograms, extending down to 
A 9000, show no indication of the existence of any dark bands. 
(Jonlirmation is thus given to the general opinion that the low 
surface gravity of Mercury has long since allowed the complete 
dissipation of any atmosphere which may once have been present. 
These results are supported by observations at Mount Wilson, where 
the spectrum of Mercury in the region A 7500 to A 8900 has been 
studied by Adams and Dunham when the planet was near its greatest 
easterly elongation {Anmutl Report of the Director, 1933). Com¬ 
parisons with the spectrum of the sun and of Venus show no differ¬ 
ences from the solar spectrum in the forms or intensities of the lines, 
nor any evidence of the presence of bands. Terrestrial lines of 
oxygen and water vapour are symmetrical. 

The question of the rotation period of Mercury is dealt with 
by E. M. Antoniadi in the Journal of the. Royal Astronomical Society 
of Canada, December 1933. After consideration of all the available 
observations extending over more than 100 years and including 
those of Schroter and Schiaparelli, ho concludes from his own studies 
with the 33-inch telescope at Meudon that Mercury presents a 
constant face to the sun, with rotation period equal to that of its 
revolution round its primary. Antoniadi remarks on cloud form¬ 
ations which he has observed on the planet’s surface, and attributes 
these to violent dust storms raised by the intense heat to which it 
is exposed when near perilielion. In the total absence of an atmo¬ 
sphere it is remarkable that Mercury should show more pronounced 
cloud effects than Mars. 
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VenuB used to b« regarded as the planet most closely resembling 
the earth, at any rate in size and position, and her telesoopio appear¬ 
ance and high albedo seemed to indicate her possession of a con¬ 
siderable atmosphere, which, by analogy, might reasonably have 
been expected to contain quantities of oxygen and water vapour. 
The spectrograms obtained at the Lowell Observatory show no 
traces of either of these substances, neither are any bands present 
in the infra-red. At Mount Wilson {Annnal Report of the IMrector, 
1932) the infra-red spectrum of the planet has been photographed 
with a plane-grating spectrograph of 9 feet focal length at the coudc 
focus of the 100-inch reflector. From these it is concluded that if 
oxygen or water vapour exist in appreciable quantities in the atmo¬ 
sphere of Venus, it must be at a level below that to which the 
spectroscopic observations penetrate. Further study of the spectra 
has however given very interesting results, described by T. Dunham 
in P-ubl. Asiron. Soc. of the Pacific, August 1933. Three new bands 
well resolved into individual lines have been detected. The spacing 
of lines in these bands leads to a moment of inertia in close agree¬ 
ment with that determined for carbon dioxide. This identification 
has been verified by photographing in the absorption spectrum of 
40 metres of carbon dioxide at a pressure of ten atmospheres a faint 
lino which agrees closely with the position of the head of the strongest 
band at A H088, The atmosphere of Venus therefore remains a 
mystery. Carbon dioxide seems undoubtedly pTMent, but oxygen 
and water vapour must be either absent or hidden beneath a veil 
as yet impenetrable to our instruments. A series of spectra have 
been taken at Flagstaff to determine the planet’s rotation period. 
'Die absence of rotational effects shows that the period certainly 
cannot be shorter than ten days or a fortnight, and the short period 
comparable to that of the earth which has found favour with some 
astronomers in the past seems definitely precluded. 

The observation of Mars has always had a prominent place in 
the programme of the Lowell Observatory, and its spectrum has 
been repeatedly photographed both there and from the top of the 
San Francisco Mountains, an elevation of 11,400 feet. It was found 
that the condition of the air was of more importance than the extra 
elevation, and that the driest winter nights at the observatcoy 
(7,260 feet), gave very satisfactory results, the chief telluric vapour 
band being almost invisible. The spectrograms of Mars compared 
with those of the moon i>rovide, in Dr. Slipher’s opinion, competent 
proof of the existence of water vapour in the Martian atmosphere. 
No bands, however, have been detected in the infra-red. As the 
surface gravity on Mars is only three-eighths of that on the earth its 
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atmosphere might naturally be expected to be less dense, but to 
extend to a considerable height above its surface. Evidence for 
this has been provided at LowoU, where clouds have been observed 
at a height of about 15 miles, whereas in our own atmosphere they 
are rarely found above 5 miles. 

A search for oxygen in the atmosphere of Mars has lately been 
prosecuted by Adams and Dunham at Mount Wilson {Asirophysical 
Journal, April 1934). The B band, with its strong widely spaced 
lines, is well adapted for this purpose. The observations were con¬ 
tinued through a period when the radial velocity of the planet with 
respect to the earth varied from — 13-8 km. per sec. to -f 12'0 
km. per sec. These velocities are sufficiently high to ensure that 
the planetary oxygen lines, if present, would be fully resolved from 
the corresponding terrestrial ones, but, rather surprisingly, no 
evidence of the presence of such lines could be detected either 
visually or with the micropbotometer. There was also no sign of 
any asymmetry in the w'ings of the telluric lines whether the planet 
was approaching or receding. The conclusion seems to be that if 
free oxygen exists in the atmosphere of Mars, the quantity above 
unit area of the surface oamiot exceed one-tenth of one per cent, 
of that above unit area at sea-level on the earth. 

Measurements of the radiation from Mars have been made with 
the thermocouple by Pettit and Nicholson at each opposition since 
1924, when the planet was at perilielion, to 1933 w'hen it was close 
to aphelion. These measures clearly establish the induenoe of the 
planet’s orbital eccentricity on its climate. The temperature of 
the sub-solar point varies widely, being only 0° C. when the planet 
is at aphelion and no less than 27“ (J. when it is at perilielion, and 
the mean maximum temperature on Mars throughout the Martian 
year is approximately 14° C. lower than it would appear to be from 
measurements made solely at perihelion. Coblentz and Lampland 
(Lowell Observatory Bulletin, No. 86) have found that the intensity 
of the planetary radiation from the northern hemisphere of Mars is 
less than that from the southern. This is possibly due to the pre¬ 
ponderance of dark areas in the southern hemisphere, wliiie an 
additional cause may be found in a difference in the atmospheric 
oonditions on the surface of the planet. It is difficult to determine 
the actual Martian temperatures with accuracy, but there is no 
doubt as to the wide ffiumal and seasonal variations which are 
experienoed. The subsoiar point seems to be at least 40° C. higher 
than the sunrise limb and 10° C. higher than the sunset limb, and 
there is but little doubt that the temperature, even on the equator, 
desoends well below fioezing-point during each night. 
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The spectra of the four large planets, Jupiter, Saturn, Uranus 
and Neptune all show strong selective absorptions, persisting far 
into the infra-red. There seems to be a general increase from Jupiter 
to Neptune, except that Saturn, possibly owing to its very low 
density, shows bands but httle stronger than those of Jupiter. 
Uranus and Neptune are too faint to give any record beyond X 8600, 
but it is probable that additional absorption bands, increasing in 
number and intensity, extend far further. The selective absorption 
is responsible for the distinctive colour of these two planets. 

Recent spectrograms of Jupiter and Saturn taken by T. Dunham 
{Mount Wilson Observatory, Annual Report, 10;J3) show a number 
of bands between X 6460 and X 9100 which have been identified as 
due to ammonia and methane. In the case of ammonia more than 
60 lines have been found m the spectrum of Jupiter, while 18 lines 
of methane have been identified in the spectra of both Jupiter and 
Saturn in the imblended planetary band near X 8640. The ammonia 
bands are stronger in the spectrum of Jupiter, the methane bands 
are stronger in that of Saturn. By comparison with laboratory 
results it is indicated that above the reflecting level in the atmosphere 
of Jupiter there is the equivalent of a path about 6 to 10 metres 
long through ammonia at atmospheric pressure. From this a 
minimum temperature of about 170° Absolute may be assigned to 
the reflecting level in the planet’s atmosphere, for at a lower temper¬ 
ature the vapour pressure of ammonia would be insufficient to 
support the observed amount of gas when the surface gravity is 
as high as that of Jupiter. 

Slipher calls attention to the very low temperatures which the 
radiometric observations made at Ixiwell and Mount Wilson indicate 
for Jupiter and Saturn. The former at any rate shows such vigorous 
activity in his surface markings that a much higher temperature 
seems called for. Slipher suggests that the selective and general 
absorption in the atmospheres of the giant planets is sufficiently 
strong to reduce greatly their heat radiations in the region to which 
our own air is transparent. It is therefore possible that these distant 
planets may be making the most effective use of their small share 
of the solar energy. Certainly their spectra indicate that their 
atmospheres retain the energy of the longer heat waves, and there¬ 
fore act as blankets, regulating to a considerable extent the temper¬ 
ature of each planet’s surface. 

Pluto is too faint a body for its spectrum to be studied with 
present equipments, and no disc is visible even in the lUO-inch 
telesoojie. During February and March 1033 Baade at Mount 
Wilson made comparisons of its magnitude with those of stars in 
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Selected Area 61. The resulting photographic magnitude was 
found to vary over a range between 15-2 and 16-4, but it cannot 
yet be definitely stated that Pluto varies in light to this extent. 
At Flagstaff the colour of the planet has been studied, and it has 
been found that it is brighter visually than photographically. 
Uranus and Neptune are distinctly blue in colour, but Pluto is a 
yellowish planet, resembling Mars and Mercury and possibly stand¬ 
ing between the two. As it is impossible to determine its diurnal 
rotation with the spectrograph the only available method seems to 
be the photometric study of the reflectivity of its disc. If, as is 
suspected, different factis of the disc show different reflectivity 
sufficient to give an appreciable light variation, then the rotation 
period can be determined, and this matter is now being studied at 
the Lowell Observatory. 

The question as to who may rightfully claim the credit for the 
discovery of Pluto is not yet settled to everyone’s satisfaction. In 
Piihlicationfi of the Astron Soc of the Pacific, February 1934, William 
H. Pickering puts forward his own claim to the distinction. His 
prediction of the longitude of the new planet, published in the 
Annale of the Harvard Observatory, 82, 49, appeared in 1919 and 
eventually proved to be only 69' in error Four photographs were 
taken at Mount Wilson in December of that year, but although the 
planet was duly recorded it was not identified owing to its petition 
4® from the ecliptic in a region very rich in stars. After the dis¬ 
covery of Pluto by Tombaugh at l^owell Observatory the Mount 
Wilson plates were re-examined, and the planet was then found 
only about one degree in longitude from the place predicted by 
Pickering. The latter made use of the perturbations of Neptune 
in his calculations whereas Lowell relied on those of Uranus. The 
former were four times as large, and therefore much more easily 
distinguishable from accidental errors of observation. The mass 
of Pluto is very much less than the estimate of Lowell, and the 
perturbations of Uranus were so small that Pickering maintains 
that his rival’s success in predicting the longitude of the new planet 
to within 7° might almost be said to be accidental. Certainly a 
comparison of Pickering’s own predicted elements with the true 
orbit of Pluto makes an impressive showing, and it is unfortunate 
that the planet was not identified on the 1919 Mount Wilson 
plates. The case bears a distinct resemblance to the discovery of 
Neptune, and the conflicting claims to priority of Adams and 
Leverrier. 
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PHYSICS. By L. F. Bates, Ph.D., D.Sc., F.Inst.P., Univtjrsity Gollego, 
London. 

The Structcbk of Liquids. —In a recent public lecture reference 
was made to some experiments, of fundamental importance on the 
structure of liquids, in which determinations of the ratio of the 
velocity of sound to the velocity of light in the liquid had been 
made. As these experiments have to some extent l)cen overlooked, 
it seems desirable to discuss them here. Ever since the publica¬ 
tion of van der Waals’ theory of the continuity of the gase<ms 
and liquid states, fairly definite views on the physical nature of 
liquids have been held. However, in view of tlu* ordered arrange¬ 
ment of atoms which has been so definitely proved to exist in the 
case of solids, the possibility that some kind of ordered arrange¬ 
ment in a liquid might also exist has had to bo considered. 

Now, many experiments have recently been made on the scatter¬ 
ing of light by fluids. They fall into two classes. In the one we 
have the important experiments on the Raman effect, wherein 
appreciable differences between the wavelengths of the incident and 
scattered radiations are observed, which can l>e correlated with 
the rotational frequencies of the molecules. In the other, we have 
the experiments on classical or Rayleigh scattering, where the 
wavelength of the scattered light is the same as that of the 
incident light except for the very slight changes produced by 
Doppler effects. When such effects are present, the observed 
changes in wavelength will obviously depend upon the angle be¬ 
tween the directions of the incident and scattered rays. Thus, in 
the case of a gas illuminated by monochromatic light and viewed 
along the direction of illumination, only a simple symmetnoal 
widening of the line will be observed in the scattered radiation. 
For example, Cabannes and Daure (Comp. Rend, 186, 1533, 1928) 
in an examination of the radiation classically scattered from butane 
vapour, carried out with a Fabry and P6rot interferometer, found 
a widening of •04A and a displacement of O-OlA towards the red ; 
the latter observation is not confirmed by other workers. 

A mere broadening of the line, however, cannot be expected 
in the case of light classically scattered within a solid, for although 
we may picture each atom as vibrating about a mean position as 
suggested by Einstein in his theory of the specific heats of solids, 
we also know that the vibration of each individual atom is in¬ 
fluenced by neighboiuing atoms. As Debye showed in his extension 
of Einstein’s work on specific heats, the atoms move as if the 
crystal were traversed by an enormous number of sound waves 
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with a large range of frequencies. The effect of this motion on 
the scattering^ of light waves was examined theoretically some time 
ago by Brillouin (Ann, de Phys,, 17, 88, 1922), who showed that 
it resulted in periodic changes in density, and, therefore, of the 
refractive index, m the solid. 

BrUIouin’s analysis leads to the result that the solid is divided 
up by the sound waves into a series of layers of moving atoms from 
which the incident light may bo regularly scattered, with definite 
angle and phase relations, much in the same way that X-rays 
are scattered from the layers of atoms in crystals. Moreover, 
the light reflected from these layers must exhibit a Doppler effect 
such that a monochromatic source gives rise to scattered radia¬ 
tion (consisting only of two sharp components, separated by 

dX — 2 A*^.sin (fl/2) where v and V' are the velocity of sound and 


light in the solid, respectivelj^, and 0 is the angle of scattering. 
Using a 30-step echelon and making observations with 0 — 90"", 
dross (Zeit fUr Phys., 63 , 685, 1930; Nature, 126 , 603, 1930) 
proved that in the case of quartz this relation was satisfied. Light 
of the same wavelength os the incident line was always present, 
even if weak, in the scattered radiation , i e, a triplet and not a 
doublet was observed. In some cases, Gross also observed lines 
of higher order. 

We have thus seen that the scattered radiation from a gas Ls 
merely a broadened line, while from a solid it consists of sharply 
defined components ; of what should the light scattered from a 
liquid consist ? The investigation of this scattered light is in any 
case very difficult, because the incident light must be strictly 
monochromatic and very intense. However, Meyer and Ramm 
(Phys, Zeit., 33 , 270, 1932) carried out experiments with carbon 
tetrachloride, benzene, toluene and water, at first examining the 
light with a Ifl-stej echelon with 10-mm. steps and 0 — 180"’. 
In later experiments they used a 33-step echelon with 15-mm. 
steps, and a resolving power of 680,000 for the mercury 4,358 line 
from a quartz mercury vapour lamp. They more rec'ently obtained 
their best results with the zinc 4,680 line emitted from a quartz 
lamp filled with zinc vapour. 

In all oases they observed a triplet consisting of a line of un¬ 
changed wavelength and a sharp companion line on either side 
of it. The separations between these companion lines w^ere 0124, 
0120 and 0*080A for benzene, toluene and carbon tetrachloride 
respectively, which may be compared with the calculated values 
0*112, 0*108 and 0*084A respectively. A strong continuous radia- 

H 



SCIENCE FBOOBESS 


98 

tion was guperimposed upon these lines, but no lines of higher 
order, such as were reported by Gross, were found. Consequently, 
it is clear that the structure of a liquid bears a close resemblance 
to the structure of a solid, although, perhaps, special assumptions 
are necessary to account for the presence of light of unchanged 
wavelength (cf, Debye, PJiys. Zeit., 33, 849, 1932). In view of 
the ease with which direct reflection may occur, this point may 
possibly not warrant further oohsideration. 

Now, as such efiFects are observed in an undisturbed liquid, 
may they not be produced in much greater intensity by exposing 
the liquid to supersonic waves * This was done by Debye and 

Sears {Proc. Nat. Acad. 8ci., 18, 409, 1932), and independently 

by Biquard and Lucas {Comp. Rend., 194, 2132, 1932). The 

stationary waves set up in the liquid by an oscillating crystal, 

formed a series of layers of compression and rarefaction which 
behaved as a grating with respect to the incident light waves. 
Hence, on collecting the scattered light with a lens and projecting 
it upon a screen, a direct image of the slit source, bounded by 
spectra of considerable intensity on either side, was obtained. 
Consequently, only the angles of incidence and reflection of a par¬ 
ticular wavelength in any one of the spectra need be determined 
in order to find the distance of separation of the grating layers, 
i.e. the wavelength of sound in the liquid. 

Biquard and Lucas {Comp. Rend., 195, 121,1933) have extended 
their observations to solids. They throw a beam of light upon 
a sheet of crystalline quartz, 16 mm. thick, which was maintained 
in resonance with an odd harmonic of its fundamental frequency 
of 9*8 X 10* vibrations per second, produced by piezo-eleotrio 
means. Six or seven spectra on each side of the central fringe 
were easily observed, and, thus, by observing the difiFraction spectra 
from the quartz and from a liquid set in vibration by the quartz, 
by purely optical methods the ratio of the velocity of souird in 
qua^ to the velocity of sound in the liquid could be obtained. 

An interesting advance was made by BS.r and Meyer {Phya. 
Zeit., 34, 393, 1933), who replaced the slit source us^ by the 
previous workers by a source consisting of a regular “ square ” 
pattern of fine boles punched in a cardboard screen. Light from 
a mercury vapour lamp was passed through a condenser lens to 
form a slightly convergent beam which fell upon the perforated 
screen. An image of the latter was formed by a projection lens 
upon a screen or a piece of photographic paper. Somewhere 
between the projection lens and the screen the liquid exposed to 
supersonic waves was placed, whereupon the image of each hole 
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waa drawn out into a small strip difiraction pattern, such strips 
lying on a straight line coinciding with the direction of propagation 
of the sound. This method has many advantages, and has been 
used to show the reflection of the sound waves at a plane surface 
immersed in the liquid, and to study the effects produced by differ¬ 
ent groups of sound waves present in the liquid at the same 
moment. Heidemann and Asbach {Zeit. fllr Phys., 87, 442, 1934) 
have recently used this method to obtain pictures of the reflection 
of supersonic waves at concave and convex cylindrical surfaces 
immersed in a liquid. 

Three methods may bo used to render visible these stationary 
supersonic waves in a liquid. Thus, Boyle and Lehmann {Rep. 
Canad. Res. Coun., 1933) made use of the air bubbles which collected 
at the nodes when sufficiently intense sources of sound were used. 
Again, Boyle, Lehmann and B«id {Trans. Roy. Soc. Canad., 19, 
167, 1933) used small particles of cokernut charcoal, which sank 
slowly through the Uquid in which supersonic waves were propa¬ 
gated parallel to the surface. The particles were then driven 
forward by the pressure of the sound to collect in the nodal 
planes. 

Obviously, these methods cannot bo used for very short wave¬ 
lengths, and Bachem, Heidemann and Asbach {Zeit. fUr Phys., 87, 
734, 1934) have therefore made use of the changes in density which 
may be observed in the liquid along the direction of propagation 
of the sound. In this case the nodes are regions of constant density 
and the antinodes regions of maximum variation of density. Con¬ 
sequently, the transparency to light varies from place to place 
along the wave, and regions of maximum transmission are found 
at distances half a wavelength apart, and may be rendered visible, 
as a series of light bands separated by dark ones, by a “ Sclilieren ” 
method. In this way pictures of stationary waves reflected from 
plane and curved surfaces were obtained. The pictures are remark¬ 
ably clear and by measurement of the distance between two bright 
or two dark bands the half wavelength of the sound can be found 
with considerable accuracy. It is clear that we shall hear more 
of these interesting experiments. 

A Nbw Typb of RADiOACTiviTy. —It has been known for some 
time that when certain light elements—Be, B and A1—are bom¬ 
barded with a-rays from polonium they emit positive electrons, 
and the mechanism suggested for this emission was discussed in 
these columns last October. In a further examination of this 
emission, Curie and JoUot {Comp. Rend., 198, 264, 1934) have 
found that the emission persists for some time after the activating 



SCIENCE PEOQEESS 


100 

polonium has been removed. In the case of boron, it may persist 
for 16 minutes or so. 

Curie and Joliot placed a sheet of aluminium about 1 mm. 
from a strong polonium source and radiated it for about 10 minutes. 
It was then placed above a Geiger-Muller counter closed by a 
thin window of aluminium. It was found that the sheet emitted 
a radiation which decreased exjwnentially with time with a half- 
value period of 3 min. 15 sec. Boron and magnesium gave peritnls 
of 14 min. and 2 rain 30 sec., respectively. The initial intensity 
seemed to reach a limiting value of about the same magnitude in 
the three cases. A number of other light elements did not appear 
to show these effects, possibly because their periods of decay were 
too short to be observed. Experiments with an expansion chamber 
showed that the radiation from aluminium and boron consisted of 
positive electrons, of energies of 2-2 x 10* and 0-7 x 10* electron- 
volts respectively. The number of these electrons was reduce*! by 
reducing the energy of the bombarding a-rays, no electrons being 
liberated when the a-ray energy fell below 10* electron volts. 

Curie and Joliot suggested that the following equation repre¬ 
sented the mechanism of emission in the case of aluminium, where 
is a neutron, 

Al« + He* =- P»® -f nK 

The isotope of phosphorus, P*®, was assumed to be radioactive, 
breaking up according to the equation, 

p»o Si»® -f e+. 

Similar equations were suggested for the cases of boron and mag¬ 
nesium, and it was also suggested that similar examples of induced 
radioactivity would undoubtedly be produced by bombardment of 
light elements with other particles. 

Such experiments have been made by Lauritsen, Crane and 
Harper (Science, 79, 234, 1934, and Phy«. Rev., 45, 430, 1934), 
who bombarded a target of B,0, with deutons of 0-9 x 10* electron- 
volts energy. The equation suggested to represent the mechanism 
was 

Bw H* = C“ -[-»*= B« -F -i- c+. 

Crane and Lauritsen (Phys. Rev., 45, 497, 1934) have also used 
0'9 X 10* electron-volt protons for the same purpose, and obtained 
induced activities of about 10 to 20 per cent, of the intensity of 
those produced by deuton bombardment. The equation suggested 
to represent the mechanism in the case of boron under proton 
bombardment was 

B“ -I- - C»* -f ni = B« -f n» -1- e+. 
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Actually the positron energy spectrum was continuous, some posi¬ 
trons being given off with energies in excess of 0-9 x 10* electron- 
volts. 

When a B,0, target which had been exposed to deuton bom¬ 
bardment was placed inside a cloud chamber, it was found that 
after a short time a large number of tracks appeared to originate, 
not from the target, but from the gas in the chamber. This was 
found duo to the presence of a radioactive gas which had diffused 
out of the target. Some of this active gas was driven from the 
target by heating, and collected, mixed with air, of course. From 
an examination of the mixture it was decided that the active gas 
was CO or CO». 


GENERAL AND ORGANIC CHEMISTRY. By O. L. Brady, 
D.Sc., F I C., University Oiltoge, I.,on(ion 

Nkw OxinBs.—For many years fluorine and bromine occupied a 
special position among the elements in that, though they were 
very reactive, no oxides of them were known. In 1927 Lebeau 
and Damiens obtained a gaseous oxide F,(), more stable than the 
corresponding chlorine comjiound, by the electrolysis of moist, 
molten acid potassium fluoride below 100° C., and later showed 
that it could be obtained more easily by passing fluorine into 
dilute sodium hydroxide solution. Ruff and Monzel {Ze.il anorg. 
Clum., 1933, 211 , 204) have now, by passing an electrit; discharge 
through an oquimolcinilar mixture of fluorine and oxygen under 
16 mm. pressure at the temperature of liquid air, obtained an 
oxide F,0, as a yellow solid m.p. — 160° (! volatilising as a brown 
gas which above — 100° C. dissociates to a colourless gas FO 
which does not reform FgO, on cotiling. 

The oxides of bromine are less well characterised; Zintl and 
Rienacker (Ber., 1930, 63 , 1098) obtained small quantities of a 
volatile oxide, perhaps Br^O, by passing bromine vapour over 
mercuric oxide and by treating bromine vapour with ozone under 
reduced pressure at 0°. Ijewis and Schumacher {Zeit. anorg. Chem., 
1929, 182 , 182) by a similar method obtaineil a white solid to 
which they assigned the constitution (Br,0,)„. 

Schenk {Zeit. anorg. Chem., 1933, 211 , 160; Zeit. Ekktrochem., 
1933, 39 , 594) hu prepared the long-sought sulphur monoxide, 
SO, by passing on electric discharge through a mixture of sulphur 
dioxide and sulphur vapour at low pressures. The gas, when dry, 
decomposes to sulphur dioxide and sulphur slowly at room tem¬ 
perature but rapidly at 100° C. Whilst sensitive to water it does 
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not react with oxygen at room temperature; it is condensed to 
an orange-red solid on cooling in liquid air, but this solid, rather 
surprising, on evaporating gives sulphur and sulphur dioxide. 

Atomic Wbights.— The Committee of the International Union 
of Chemistry on Atomic Weights have introduced nine changes 
into the Table for 1934. Selenium becomes 78-96, a fall of 0-24; 
Tellurium 127-01, a rise of 0-11 ; Csssium 132-91, a rise of 0-10; 
Erbium 166-20, a faU of 2-44 ; Ytterbium 173-04, a fall of 0-46; 
Osmium 191-6, a rise of 0-7 ; the remainder have alterations only 
in the second decimal figure. 

Hydrogen Isotopes. —Since the discovery by Washburn and 
Urey and development by Lewis and Macdonald (J. Chem. Phy«., 
1933, 1 , 341) of a simple method of isolating water containing the 
hydrogen isotope of mass two, a large number of investigators have 
taken up the study of the important consequences and the subject 
is rapidly acquiring an extensive literature. Unfortunately the 
urge to publish the results of preliminary experiments makes it 
likely that some of the statements made will not survive closer 
investigation and several contradictions already occur. 

Nomenclature.— ^Urey, Brickwedde and Murphy, who first 
obtained concentrates of the heavy isotope of hydrogen, suggest 
the names protium and deuterium for the light and heavy isotopes 
and proton and deuton or deuteron for the respective nuclei, 
retaining the term hydrogen for the naturally occurring mixture. 
Rutherford (Nature, 1933, 966) suggests the retention of hydrogen 
and proton for the molecule and nucleus of hydrogen of mass one 
and diplogen and diplon for those of hydrogen of mass two. The 
relative advantages and disadvantages of various names are dis¬ 
cussed by Urey, Brickwedde and Murphy (Nature, 1934, 173) and 
by Sidgwick (ibid., 266). The chief objection raised to deuterium 
is a possible confusion between neutron and deuton or deuteron 
in the spoken language. The necessity of making this distinction 
may encourage scientists to speak more clearly and does not seem 
a sufficient justification to reject the name of the parents ; dip¬ 
logen should not survive the devastating criticism of Armstrong 
(Natfure, 1934, 173). As this substance is becoming of great im¬ 
portance to the chemist proper it is to be hoped that the nomen¬ 
clature will not be decided by physicists. Whatever name is 
ultimately adopted it seems that the symbol D will meet with 
general acceptance. 

Concentration of Dectbricm Oxide. —Fortunately the con¬ 
centration of deuterium oxide in water, though tedious and ex¬ 
pensive, presents few difficulties as the efficiency of the electrolytic 
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eepamtion is, to a considerable extent, independent of the con¬ 
ditions. The process depends on the electrolysis of water con¬ 
taining sodium hydroxide as electrolyte when hydrogen is evolved 
at a greater rate than deuterium. 

The efficiency of the process, a, may be most conveniently 
defined by the relationship dlnn^ ~ ad In where and 
are the number of hydrogen and of deuterium atoms in the solu¬ 
tion respectively (Topley and Eyring, J. Amer. Chem. Soc., 1933, 
65 , 6058). This is the reciprocal of the a originally used by Lewis 
and is equivalent to the ratio of the amount of hydrogen to the 
amount of deuterium evolved when an infinitely small amount of 
an equimoleoular mixture of water and deuterium oxide is de¬ 
composed. 

Collie (Nature, 1933, 568) found that the efficiency of the process 
was poor when using an electrolyte containing 10 per cent, of 
KOH unless the current density was kept below 0-1 amp. cm.~*, 
but with 0'3% KOH a satisfactory separation was obtained with 
current densities as high as 0-5 amp. cm.“*. Bell and Wolfenden 
(Nature, 1934, 26) found Uttle difference in the efficiency at 10“ C. 
and 100“ C. using 2% NaOH and a nickel cathode and no very 
marked difference between a current density of 10 amps. cm.~* 
and 0'07 amp. cm. * when using 1% NaOH. They also find 
practically no difference between the use of 1 % NaOH and 8% NaOH, 
but do not specify what current density was used in these experi¬ 
ments. Likewise using nickel, platinum or copjier cathodes with 
1% NaOH produced little difference. Lewis and Macdonald 
obtained a = about 5, CioUie 3-8, Bell and Wolfenden values from 
3-7 to 6-6 depending on conditions. Topley and Eyring (J. 
Amer. Chem. Soc., 1933, 55 , 5068; Nature, 1934, 292), while 
agreeing with Bell and Wolfenden that moderate changes of current 
density have little influence, point out tliat the nature of the 
cathode is an important factor, a varying from 7-9 to 2-8 in the 
order smooth Pt, Pb, Fe, CHi, Ag, Ni, W, Pt black, Ga liquid, Hg. 
Hartock (Proc. Phys. Soc., 1934, 46 , 277) finds that the efficiency 
of the process is almost independent of the concentration of alkali 
over a wide range and that there is no definite increase in effici¬ 
ency writh increasing current density provided this is greater than 
0’6 amp. cm.* *. With carefully cleaned nickel electrodes he ob¬ 
tained « =» 5-6 to 6-7. When the concentration of deuterium in 
the electrolyte approaches 10 per cent, the loss of deuterium in the 
evolved gases becomes considerable and it is desirable to recover 
it. The burning of the electrol}rtio gas presents a problem which 
Harteok has solved by bubbling it through paraffin oil to prevent 
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back-fire and combining on the surface of a hot wire inside a wide 
condenser, the condensed water collecting under the oil. 

Although the electrolytic method of concentration is the only 
one which has been extensively employed there is promise that 
certain chemical methods may be of use, at least in the final stages 
of the operation. A. and L. Farkas (Nature, 19.’14, 139) found a 
value for a when metals undergo solution in 0-lN sulphuric acid 
of Na 1-2, Ca 1-5, A1 2, Zn 4, but Hughes, Ingold and Wilson (Nature, 
1934, 291) find that the value for Na is 2-9, and independent of the 
nature of the medium from strongly acid to strongly alkaline ; 
this value is supported by the work of Davis and Johnston (J. 
Amer. Chem. Soc., 1934, 492) who obtained a figure 2-5. 

Hughes, Ingold and Wilson (J. Chem. Soc., 1934, 493) have 
examined the action of Li, Na, K, Mg, Ca, Zn, Al, Ce, vSi, Cr, Mn, 
Fe and Co, where possible in both acid and alkaline media, (jortain 
impure elements, a number of Zn couples, sodium amalgam, cal¬ 
cium hydride, calcium carbide and aluminium carbide. The values 
for a they find arc Ca 1-3, Li 1-5, K 1-9, Mg 21, Si 2 3, Na 2-8, 
Al 4-0, Co 4'1, Fe 4-3, Cr 4-5, Mn 5-1, Zn 5-6 and m the case of 
a zmc-copper couple containing 60 per cent, of copfier 8 0. In the 
light of their results they discuss the mechanism of the reducing 
action of dissolving metals and suggest that there are no less than 
three different mechanisms by which this is brought about, depend¬ 
ing upon the particular metal and the alkalinity or acidity of the 
solution. 

An important observation is due to Hall and Jones (J. Amer. 
Chem. Soc., 1934, 56, 749) who find that there is an appreciable 
fractionation of deuterium oxide on distillation, especially under 
reduced pressure, of aqueous solutions containing 2 per cent, or 
more (cf. Washburn and Smith, J. Chem. Phys., 1933, 1, 426). 
For example, on distilling a 2 per cent, solution of deuterium 
oxide at 10 mm. in an ordinary flask without a fractionating column, 
the first fifth of the distillate contained 32 per cent, less deuterium 
than the starting material and the last fifth about 26 per cent, 
more. This may explain certain discrepancies in the results ob¬ 
tained by those working with solutions of this strength. 

Reactions. —Oliphant (Nature, 1933, 676) has observed that 
when deuterium is kept in contact with water for long periods 
an exchange of atoms occurred between the gas and water. 
Horiuti and Polanyi (ibid., 819) find that this reaction is catalysed 
by platinum black and suggest that Oliphant’s results are due to 
a hidden catalyst, possibly the glass walls of the vessel (of. Bon- 
hoeffer and Rommel, NcUurwiss., 1934, 22, 46). Gould and Bleak- 
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ney (J. Antm. Chem. Soc,, 1934, 66, 247) find, however, that the 
concentration of deuterium-hydrogen mixtures in contact with 
water in clean glass vessels remains constant if precautions are 
taken to avoid preferential solubility, diffusion and the presence 
of metallic surfaces. 

The interchange of hydrogen and deuterium between compounds 
of the former and deuterium oxide is of special interest and offers 
a wide field for investigation. A rapid eipiilibrium is established 
lietween the hydrogen of ammonia and the deuterium of the deu¬ 
terium oxide in which it is dissolved (fxswis and Macdonald, J. 
Aumr, Chem, 8oc,y 1933, 55, 3502). When acetone is treated with 
deuterium oxide in the presence of i>otas8mm carbonate part of 
its hydrogen is replaced by deuterium and it is suggested that the 
reaction occurs through enolisation of the ketone (Halford, Ander¬ 
son and Bat(5s, J, Amer Chem 8oc,y 1934, 56, 491). Hall, Bowden 
and Jones (ibid., 750) find that there is no interchange of hydrogen 
and deuterium when the following substances are chssolved for a 
brief time in water containing 2 per cent, of deuterium oxide : 
]x>tas8ium hyjx^phosjihite, ixitassium acetate and 80 <lium benzoate, 
but that one-thinl of the hydrogen is immediately exchanged in 
the case of ethylene glycol. With potassium acetate some ex¬ 
change occurs with the hydrogens of the methyl group on pro¬ 
longed contact even when nothing is added to promote enolisation. 
This docs not seem to be in agreement with the results of Bonhoeffer 
and Klar (Natvrwiss,, 1934, 22, 45), who find that no exchange 
takes place between deuterium and the hydrogen of the methyl 
group in sodium acetate Ix^wis and Sehutz (J. Amer, Chem. Soc , 
1934, 56, 493) find that there is no exchange between the methyl 
hydrogens and deuterium in deuterium acetate^ (deutacetic acid), 
CHa00,D. 

Pure deuterium acetate has been prepared by Lewis and Schutz 
(loc. cit.) by the action of pure DC! on silver acetate. It melts 
at 13*3'’C., 3’3° lower than acetic acid. Those authors suggest 
that the difforon(» between the isotopic forme of such substances 
as water and ammonia can bo chiefly asenbed to the increase m 
strength of the D bond over the H bond The electrolytic con¬ 
centration of deuterium oxide in water and the action of metals 
on a mixture of deuterium oxide and water point in the same direc- 

^ For the com{>ound8 of ho«,vy hydrogtsn the name deuU^rmm and symbol D 
will bo usckI in SoncNCK Phookbss until somo dofinite agroomont on nomen¬ 
clature ifi rtsachod ; CH|DCOOH is monodeuteroaoctic acid and OHjCOOD, 
deuterium aoetato. The name mod by the authors of the papers referred 
to win be given m brackets.—En. 
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tion (of. Hughes, Ingold and Wilson, J. Chtm. 8oc., 1934, 493). 
Lewis and Schutz have obtained oonfinnation of their views by the 
study of the vapour pressures of deuterium aoetate and deuterium 
cyanide (deutooyanic acid) compared with those of acetic and hydro¬ 
cyanic acids. They have obtained {J. Amer, Chem. Soc., 1934, 
1002) an even more interesting result from preliminary measure¬ 
ments of the dissociation constant of deuterium acetate in deuterium 
oxide which show that the value is not more than one-third of 
that of acetic acid, indicating how much more tenaciously a deuton 
is held by a pair of electrons of another atom, in this case the 
carboxyl oxygen, than is a proton. 

Bioix>gy op DEUTEEniM Oxide.— The biochemical behaviour 
of deuterium oxide naturally gives rise to speculation. It seems 
possible that there is a selective absorption of deuterium oxide in 
cases of plant growth, for the water obtained from the sap and 
from the combined hydrogen of the woody parte of a willow tree 
was found to be richer in deuterium than the local water (Wash- 
bum and Smith, Science, 1934, 79, 188). Lewis (ibid., 161) found 
that tobacco seeds germinate less readily in deuterium oxide and 
that flat-worms apparently died in a 90 per cent, solution but some 
recovered on placing in water. The effect of large doses on a 
warm-blooded animal (mouse) was to produce the symptoms of 
inebriation and the more deuterium oxide drunk the thirstier the 
animal became! Apparently it would require some Utres to pro¬ 
duce a similar reaction in a human being. 

Pacsu (J. Amer. Chem. Soc., 1934, 56, 246) finds that the rate 
of the alcoholic fermentation of glucose is greatly reduced in pure 
deuterium oxide, but Meyer (Science, 1934, 79, 210) records that 
Aspergillus grows much more rapidly in Pfeffer’s solution made 
with 0-47% deuterium oxide than with distilled water. Macht and 
Davis (J. Amer. Chem. Soc., 1934, 66, 246), as the result of ten 
pharmacological experiments with water containing one part of 
deuterium to two thousand of hydrogen, find that no striking 
physiological or pharmacological effects are produced with the 
exception of a slight inhibitory influence on the germination of 
some seeds. 

Stbebochemistey of Diphenyl Compounds. —^There are few 
branches of organic chemistry in which more interesting advances 
have been made in recent years than that of stereochemistry. In 
the field of optical isomerism practically all the progress has been 
made as the result of the escape from the shackles laid upon the 
subject by van t’Hoff when he introduced the term “ asymmetric 
carbon atom,” and the realisation that optioid isomerism was due 
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to moleotilar dissymmetry and that compounds of the type Gabcd 
were but a special case of this dissymmetry (Barker and Marsh, 
J. Chetn. Soc., 1913, 103, 837). Few ideas have been more prolific 
of experimental results than that of the dissymmetry of diphenyl 
compounds substituted in the ortho positions to the junctiire of 
the two benzene rings (VII). 

In diphenyl (I) the two benzene rings are either co-planar or 
can become so owing to their free rotation about the bond joining 
them. 



(I) A (111) (IV) (V) 

(II) 


In this case the compound possesses several planes of symmetry, 
for example the plane of the paper, a plane at right angles to the 
plane of the pai}er XI A ... A, and a third at right angles to 
the plane of the paper B . . . B; the mirror image of the com¬ 
pound is therefore suporimposable upon the original and optical 
isomerism is impossible. If, however, the diphenyl has two sub¬ 
stituents, one in each ring, ortho to the point of juncture (III) 
the size of these substituents may bo enough to prevent the rings 
becoming oo-planor when these two groups are on one side The 
two rings will then bo inclined to one another (IV) and the planes 
of symmetry disappear and optical isomerism is jwssiblo. If, how¬ 
ever, the group X can pass the hydrogen in the other ortho position 
fi?ee rotation will enable the two rings to become co-planar again 
(V) and optical isomerism disappears. The conditions for optical 
isomerism in these compounds is therefore that the degree of rota¬ 
tion about the bond joining the two rings shall be less than 180°. 
This has been achieved experimentally in numerous coses by intro¬ 
ducing two sufficiently large substituents in the ortho positions in 
one ring and one in the other (VI). 
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Providing Z for spaoial reasons cannot pass X or Y and cannot 
approach sufficiently near either of them for the two rings to be¬ 
come co-planar the molecule is dissymmetric and the compound 
can exist in optically active forms. This condition exists, for 
example, in the cases of 2 ; 2': 6 : 6'-dinitrodiphenic acid (VII) 
and 6-nitro-2-methyldiphenyl-2'-oarboxylic acid (VIII), both of 
which have been resolved jjito optical isomerides 



(V7) (VII) (VllI) (IX) 


Recently investigations have been made to ascertain which is 
the smallest atom or group which will give the necessary restriction 
of rotation Judging from the rate of racemisation of suitable 
optically active compounds the order Br > Cl > OMe F has 
been arrived at as the relative eflFective interference with the rota¬ 
tion of a benzene nucleus with a carboxyl group in the ortho 
position (Yuan and Adams, .7. Amer. Chem. Soc., 1932, 54 , 2966; 
Stoughton and Adams, ibid., 4426). Diphenic acid (IV), where 
X = COtH, cannot be resolved as the carboxyl group is sufficiently 
small to pass the hydrogen atom in the ortho position. It is, 
however, possible to find groups sufficiently large to fail to pass 
this hydrogen and 2-(hydroxydiphenylmethyl) diphenyl-2'-carboxy- 
lic acid (IX) (Corbellini and Pizzi, Atti. E. Accad. Lincei, 1932 
(VI), 15 , 287), diphenyl-2; 2' disulphonic acid (X) (Lesslie and 
Turner, J. Chem. Soc., 1932, 2021), 0-(2-dimethylaminophenyl) 
phenyltrimethylammonium (XI) (Shaw and Turner, ibid., 1933, 
136), and 2 : 2'-di-iodo-diphenyl-4 : 4'-dicarboxylic acid (XII) (Searle 
and Adams, J. Amer. Chem. Soc., 1933, 55 , 1649) have now been 
resolved into optical enantiomorphs. 

The most interesting case, however, is that of the 2-(m-bromo- 
phenyl) phenyltrimethylarsonium ion (XIII) which Ijesslie and 
Turner {Chem. and Ind., 1933, 52 , 19; J. Chem. Soc., 1933, 1688) 
have found to exhibit evidence of optical activity. Here the 
restricted rotation is due solely to the inability of the large tri- 
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methylarsonium group to pass the ortho hydrogen atoms on the 
other nucleus. This other nucleus must be meta-substituted since 



otherwise the compound would possess a plane of symmetry wheii 
the two rings were at right angles. 

The Struotdke of Azoxy-compounds.— -An ingenious proof ot 
the unsymmetrioal structure of azoxy-comix>und8 has been furnished 
by Cliu and Marvel (J. Amer. Chem. Soc., 1933, 55, 2H41). They 
prepared meso- and dl-a-p-azophenyl butyric acids (XIV). 



(XIV) 



They resolved the dl-corapound thus establishing that their other 
compound was indeed the meso form and consequently had either 
a plane or a centre of symmetry. This meso-compound on oxida¬ 
tion with hydrogen peroxide gave an azoxy-compound (XV) which 
was resolvable. The introduction of the oxygen atom must there¬ 
fore have destroyed the plane of symmetry as in (XV) but could 
not have done so if the azoxy-compound had possessed the ring 
structure —N—N—. The meso compound was not isomerised 

\/ 

0 

during the oxidation as the dl-oompound (XIV) on similar oxida¬ 
tion gave a different azoxy-derivative which was also resolvable. 
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PHYSICAL CHEMISTRY. By O. H. Wansbbottgh-Jonss, Ph.D., 
M.A., Department of Colloid Science, Cambridge. 

Chemical literature in the past few years has contained a large 
variety of papers on subjects dealing with the application of sound 
waves, sometimes as a stimulus, sometimes as a measuring device, 
to chemical systems. There is no logical connection between the 
different applications, and beyond the single connecting link that 
energy is applied in the form of sound waves there is no justifica¬ 
tion for attempting to summarise the various types of experiments 
that have been performed in a single rejxirt, but since some of the 
applications will prove of increasing and others of diminishing 
importance, the present is a convenient time to discuss most of 
them. Their rapid development has been due in great part to 
two major experimental advances, the work of Wood and Loomis 
{Phil. Mag., (vii) 4, 417, 1927) on the production and properties 
of ultra-sonic vibration, that is sound vibration of very high 
frequency with considerable energy content; and the development 
of acoustical interferometric measurements particularly by Pierce 
{Proc. Am. Acad. Sci., 63, 1, 1928) and Hubbard {Phys. Rev., 41, 
833, 1932) ; and their scope includes studies on the dispersion and 
precipitation of colloid particles, the stimulation of chemical re¬ 
action, the examination of the hydration of electrolytic ions, 
reaction velocities, the thermodynamic constants of gases and 
probably of the most far-reaching importance, on the mechanism 
of energy redistribution during and after collision between mole¬ 
cules. It is proposed to treat more or less briefly all these various 
subjects. 

The application of ultrasonic waves to colloidal systems was 
mentioned in Wood and Loomis’ original work ; and it was clear 
that here was a very convenient method of dispersing a material 
of small tensile strength in a medium. The converse phenomena 
precipitation, and the breakdown of gels, have also been studied. 
Thus in the first case, Szalay {Z. Phye. Chem., 164, 234, 1933) 
exposed solution of starch, gum arabic, or gelatine to ultrasonic 
vibrations of over 700,000 cycles frequency and detected both 
by iodometric estimation and by the changes in viscosity of the 
solution some depolyerisation of the large molecules. Simpler 
molecules also showed some slight effect, cane sugar being slightly 
broken down to monosaccharides, and paraformaldehyde and hexa¬ 
methylenetetramine were also decomposed, but a large number of 
othm* substances which were tried showed no such effect. It may be 
mentioned here that there are certainly large local heat cluvnges in the 
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solution, and that any dissolved gas, such as oxygen, will very 
readily react under these conditions with the material of the solution. 
Bull and Sdllner (KoiU. Z., 60 , 263, 1932) showed that heterodis- 
perse systems of mercury of particle size of the order of 1/i might 
readily be prepared by the application of ultrasonic vibration, the 
systems being stable in the presence of the usual emulsifying agents, 
and when once prepared showing no properties distinguishing them 
from emulsions prepared by more conventional means. 

Thixotropic systems are normally liquefied by short-wave sound. 
Freundlich, Rogowski, and Sdllner {Z. Phys. Chem. A., 160 , 469, 
1932 ; KoU. Beiheffe, 37, 223, 1933) have shown that ferric hydrox¬ 
ide and aluminium hydroxide tliixotropes are liquefied by ultra¬ 
sonic sound waves and that the liquefaction starts at the air-gel 
interface and then spreads through the material. Again the liquids 
show no special properties, setting to the gel form in the same 
time interval as if they had been liquefied by normal shaking; so 
that it is fair to assume that no material alteration occurred in 
the substance, particularly as subsequent prolonged exposure of 
the liquid to the raidiation produced no effect. Silica gels under 
the same treatment wore observed to remain solid, but temporarily 
lost the greater part of their elasticity. Results analogous to those 
quoted on the formation of sols were found with rubber and gelatine, 
whose peptisations were much accelerated, according to these 
authors by reason of the severe local heat-effects at the interface. 
Marinesco {Comp. Rend., 194 , 1824, 1932) has also examined 
hydrophilic and thixotropic gels, and observed that besides the 
normal liquefaction, peci^ar eddies are formed in the substance. 
The thixotropic transformation was practically instantaneous when 
the sound waves were applied. Slightly different results were 
obtained by Boutaric and Bouchard {BvU. Soc. Chim., 51 , 543, 
1932) by whom lyophobio sols were examined under this stimulus. 
Arsenious sulphide or gum mastic sols were prepared containing 
just enough electrolyte to prevent flocculation, and their turbidity 
observed with a spectrophotometer. This provides a delicate 
means of observing the formation of any slight turbidity caused 
by incipient flocculation and it was found that while very slight 
agitation was sufficient to precipitate the sol, ultra-sonic waves 
of 18 mm. wave-length caused flocculation to occur only when 
turbulence was produced, stationary wave systems being quite 
ineffective. 

To summarise the work on colloidal systems, it does not appear 
to the writer that any great advance has been made in this field, 
and in fact such work as has been done seems really to indicate 
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that no great advance is to be expected, though it is possible that 
further information on gel structure might be obtainable. 

Such papers as have appeared on the stimulation of chemical 
reactions by sound waves have, with one exception, referred to 
the use of ultra-sonic frequencies. The single exception (Flosdorl 
and Chambers, J. Am. Chem. Soc., 66, 3061, 1933) dealt with work 
with audible sound, 1,000 to 15,000 frequency, naturally of high 
intensity, and according to these authors certain reactions were 
markedly accelerated by its means. Thus albumen was almost 
instantaneously coagulated at 30® C., two other complicated mole¬ 
cules, agar and starch, gave rise to some breakdown products of 
dextrin and reducing sugars ; while the rate of hydrolysis of simpler 
molecules such as sucrose, and ethyl acetate was greatly increased. 
Any free oxygen in solution rapidly oxidised any reducing com¬ 
pound such as H,S, a reaction commonly met with by workers 
with ultra-sonic waves. No explanation of these facts is offered 
by the authors but they state that the effect may be due to local 
rises in temperature as the sound energy is converted to heat, 
though it is easily shown that even though all the energy put in 
was converted into sound, uniform distribution throughout the 
whole system would not make the temperature rise nearly enough 
to account for the observations. The formation of bubbles, cavita¬ 
tion, undoubtedly has much to do with some of the reactions seen 
to be accelerated by ultra-sonic waves, but for this set of studies 
it has been shown tliat the effects persist when increase of pressure 
to 4 to 10 atmospheres has suppressed the cavitation. 

Schmitt, Johnson, and Olson (J. Am. Chem. 8oc., 51 , 320, 
1929) examined the effect of ultra-sonic waves of frequency 760 kc. 
on various reagents contained in a test-tube dipping into the 
hquid dielectric above the oscillating quartz crystal. Several 
chemical changes were found to take place, but it seems likely 
that they owed their origin to the action of dissolved oxygen either 
directly or tlirough tlie formation of hydrogen peroxide. Thus 
iodine was liberated from KI, and sulphur from H,S though 
admittedly in small quantities. Reactions with indicators have 
caused some disagreement, Schmitt, Johnson and Olson having 
observed that brom-thymol blue solution was decolorised, giving a 
slightly acid reaction in which the dye molectms seem^ not to 
have been destroyed, while Szu Chili Liu and Hsien Wu {J. Am. 
Chem. 8oc., 54 , 791, 1932) obtained much fading, with twelve 
different indicators, including brom-thymol blue, only when oxygen 
was present in the solution, and found that when the solutions 
were again made alkaline the colour was not restored, but that 
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the oxidation ha<l permanently destroyed the dyestuff molecules. 
Their control experiments seem to have been most careful and 
there is little difficulty in accepting their conclusions. Olson and 
Gardiner {J Am. Chem. Sor., 54, 3017, 1932) also appear to accept 
these conclusions, but consider that the earlier results they reported 
are not necessarily in disagreement with these, since samples of 
brom-thymol blue differ enormously, and they are inclined to 
ascribe the apparent differences to the inhomogeneity of the dyestuff. 
To summarise, the effects seem all to bo due to dissolved gases, 
and any more work done in this field should be devoted to attempts 
to analyse the mechanism ; it seems that reaction takes place at 
the interfaces formed by cavitation and requires a certain critical 
bubble size though Szu Chih Liu and Hsien Wu suggested the 
oxygen was directly activated. Beuthe {Z. Phy/t. Chem. A., 163, 
161, 1933) found similar effects due to dissolved oxygen being 
freeil. There have also been two papers including work on hetero¬ 
geneous systems ; Marinosco and Trillat (Comp. Rend., 196, 868, 
1933) .showed that while ultra-sonic waves ebd not directly affect 
a photographic plate they did imtrease a latent imago already 
existing, and facilitate development, and Moriguchi (J. Chem. 
Soc. Japan, 54; 949, 1933) showed that hydrogen was freed more 
rapidly by zinc from hydrochloric or sulphuric acids, or carbon 
dioxide from calcium carbonate and hydrochloric acid on exposure 
to ultra-stmic vibrations. 

The most ingenious suggestion for an application of sound waves 
is due to Debye (J. Chem. Phyn., 1, 13, 1933). The pixiblcm of 
the determination of the degree of solvation of an ion is an old 
one, of the first importance in any theory of electrolytic dissocia¬ 
tion, and a method revealing directly the masses of the ions would 
be of the greatest viUue ; but ordinarily the mass does nut enter 
into any calculation that may be checked by experiment, for the 
forces due to the friction of the ions in the solvent are so much 
greater than the dynamical reactions of the masses that the latter 
must be negligible. Tlio application of ultra-sonic waves to a 
solution should, however, cause no frictional forces between the 
ions and liquid, which will behave like a homogeneous medium 
unless the masses of the different ions are taken into account. 
Then, however, there will be a different movement for different 
masses, resulting perhaps in a separation of the positive and nega¬ 
tive ions, oausing a periodic potential difference in the electrolyte 
of the same frequency as the exciting vibration. An approximate 
calculation shows that potentials of the order of 10~* volts might 
well be produced which should be detectable. Unfortunately, 
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definite experimental results are not yet available, but it is greatly 
to be hoped that these very interesting experiments will prove 
successful. It may be nientionetl that in readiness for them, 
Syoten Oka (Proc. Phys. Math. Soc. Japan, 16, 413, 1933) has 
worked out a more exact theory for the expected effect, taking 
into account the times of relaxation of the ion atmospheres, and 
the electrophoretic forces winch would be present. 

Richards and Reid (J. Chem. Phys., 1,14,1933) have endeavoured 
to use sound velocity measurements to determine the rate of dis¬ 
sociation of nitrogen tetroxide. This is not a new idea, for attempts 
were made by Natanson as long ago as 1885 to use the method 
for this purpose, while Nemst and Keutel experimentally in 1910 
and Emsteui in a theoretical study {Sitz Her A lead , 380, 1920) 
have examined the problem ; but in the past t he manifold technical 
difficulties and uncertainties of interpretation have mode it difficult 
to be sure that such measurements as had l>een mode had any 
real meaning. It seems now that real progress has been made, 
as will be briefly reported. The principle of the method lies in 
the measurements of sound dispersion, the separation of the 
total dispersion into that due to the heat capacity of the gas and 
that due to its dissociation now being possible since the original 
expression of Einstein (cf. also Bourgin, Phys. Rev., 42 , 721,1932) has 
been modified to include heat-capacity dispersion, which is now 
known to occur in certain non-dissociating gases such as carbon 
dioxide. This latter type of dispersion is taken to indicate a lag 
between translational and internal energy adjustment (Herzfold 
and Rice, Phys. Rev. (2), 31, 091, 928, Kneser), and it shows 
the same type of dependence on pressure, temperature, and fre¬ 
quency as that due to the reaction rate, so that the separation of 
the two effects is far from easy, but w'hile the attempts to do so 
by Richards and Reid have been adversely criticised (Teeter, J. 
Chem. Phys., 1 , 251, 1933) it seems that their case is a good one. 
Luck (Phys. Rev., 40 , 440, 1932) extended Einstein’s formula for 
ideal gases to mixtures of real gases, and showed that absorption 
would greatly hinder the use of the method for the measurements 
of reaction rates, while the departures of real gases from ideality 
would also cause disturbing effects, but Richards and Reid seem 
to have been very successful in isolating such effects. 

That there is some uncertainty in interpreting the dispersion 
me^ureraents due to inaccurate knowledge of the heat-capacity 
variations is fully admitted, but in a long analysis and after con¬ 
sideration of the numerical orders of magnitude involved, these 
authors are satisfied that their rate dispersion values are significant. 
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To obtain a value for the latter it it* strictly necessary to employ 
two frequencies for each temperature and pressure, and to show 
in each case a disjxirsiou greater than the maximum value possible 
for a j)ur<^ hoat-cajXMnty change, and it is satisfactory that the 
results seem to justify the procedure adopted, since they are reason¬ 
able and self-consistent. 

The experimental methods used led also to some difficulties in 
interpretation. The oscillator was driven at a known frequency, 
ranging from » kc. to 451 kc , the velocity of the sound could be 
measured to about ± 0, 1 m./sec. The maximum dispersion found 
was about 6 m./sec. after the various “ theoretical ” heat-capacity 
and “ experimental ” tube corrections (due to the gas being con¬ 
fined in the boundaries of a narrow tube) had been applied, and 
the authors conclude after a consideration of the approximations 
they introduced and the uncertainties of the experimental values, 
that the reaction velocity cxinstants for nitrogen tetroxide would 
bo accurate to about 10 per cent. To discuss the meaning of 
the results is more properly a matter for an article on reaction 
kinetics, but it is interesting to state* that the velocity constant 
decreases slightly w'lth diminishing pressures, and that like nitrogen 
pentoxide, the molecular area for activation by collision is appar¬ 
ently too large, for the tetroxide being about three times the 
normal kinetic theory value. 

It has been mentioned above that some of the cenolusions 
drawn were open to criticism. Teeter (loc. cit.) based his main 
criticisms on the facts that the dispersion produtxxi by the time 
log in the equilibrium between the translational-rotational and the 
vibrational degrees of freedom would cause an increase in sound 
velocity parallel with that caused by dissociation. This is, of course, 
admitted by Richards and Reid, but while they claim that their 
analysis of the results justifies their procedure in assigning a value 
to the rate dispersion i, Teeter considers from his study of the theory 
and supported by experimental observation of his own, that the 
sonic method cannot usefully be used to give the required informa¬ 
tion as to the rate at which equilibrium in a dissociating gas is 
attained. Richards and Reid (J. Ohem. Phys., 1 , 737, 1033) 
do not consider that his criticisms are valid, and certainly it 
seems that their arguments are the stronger, but the subject is 
a rather difficult and complicated one. They have, however, 
extended their studies to include the explanation of the absorp¬ 
tion of sound, and they show that absorption measurements, 
as well as dispersion measurements, should be capable of distin¬ 
guishing between absorption due to heat capacity or dissociation. 
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Theory showed that an absorption maximum should be discover¬ 
able, experiment unfortunately failed to disclose it, and while 
the authors of this paper state that in their opinion dispersion 
rather than absorption measurements offer the better chance of 
obtaining quantitative results, they consider that with care and more 
refined apparatus fiositive results on these lines might be obtained, 
and indeed if measurements of sufficient accuracy and certainty 
could be made, they would actually give information not available 
from disiiersion methods. 

Richards’ next paper {J. Chern, Phys,^ 1 , 863, 1933) is a 
theoretical study of the influence which different relaxation times 
of various molecular states will liave on the variat ion of the velocity 
of sound with the frequency. Equations are derived to cover the 
acoustical behaviour of a non-dissociating gas having several in¬ 
dependent energy states all of different relaxation times, and wliile 
these equations are cumbrous and comphcated, ajiproximations by 
means of which direct test with experiment may he made, are 
suggested. Their use is shown in the two latest of this series of 
pajiers (Richards and Reid, J, Chern. Phys. Z, 193 , 206, 1934) 
in which measurements on COt» CSi, and CtH| are reported. In 
carbon dioxide, at so low a frequency as 9 ke. it was found that 
part of the ideal heat capacity was not making its contribution in 
the adiabatic elasticity at this frequency, and it is suggested that 
even at lower frequencies tliis term is not excited. An examina¬ 
tion of the band speetroscopical evidence supported the view that 
this mode of vibration was the symmetrical linear O C —► O 
type. The measurements also led to the not surprising conclu¬ 
sion that the van der Waals’ forces follow the acoustical cycle 
without lag, quantitatively through all the regions of pressure, 
temperature, and frequency that were studied. The rotational 
terms of the molecule are fully maintained throughout the whole 
region, and they are classically excited, and in order to excite the 
defonnation vibration term, considerable energy of activation of 
the order of 6,000 cal./mol. is necessary. Carbon disulphide gave 
similar lesults so far as the van der Waals’ forces are concemcMl, 
and for this substance the two modes of vibration S C —> 8 
and S C n|< Sleave the acoustical cycle at the same sound 
velocities, though in this case at much liigher frequencies than 
for CO*. The activation energy for the collision process exciting 
their vibration is about 6,400 cal./mol. The analysis of sulphur 
dioxide pi’oved more troublesome, partly because the spectroscopic 
data was not quite adequate, but here again a lag in the adjustment 
of certain energy states is clear, though in this case the introduction 
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of the activation energy is difficult. Finally, ethylene has been 
studied in its dispersive region in an attempt to gain more informa¬ 
tion as to the mechanism of the process of activation by collision, 
particularly in the lower vibrational states Again the necessary 
band spectral data are not available for a complete interpretation, 
but it seems probable that the vibrational energy attains equi¬ 
librium at every effective collision, and that the energy of activation 
for such collision is about 2,800 cal From the purely chemical 
standpoint, the measurements matle on mixtures of ethylene with 
other gases are particularly interesting for the efficiency with which 
collisions between molecules of ethylene with other gases cause 
vibrational energy transitions in ethylene itself may lie estimated, 
and it can be concluded that argon, nitrogen and helium molecules 
fail completely to bring about this adjustment, while hydrogen- 
ethylene collisions have an efficiency about of that between two 
molecules of the latter gas. Thi.s finding is quite in lino with our 
knowledge of the efficiency of hydrogen in maintaining the velocity 
constant at low pressures in the unimolccular decomposition of 
organic molecules, in which also the hyilrogen molecule is effective 
in converting translational to vibrational energy, but it does not 
offer any explanation of this fact. Tentative suggestions are made 
by Richards and Reid, and amongst them the suggestion that the 
small moment of inertia and conseiiuent large rotational quantum 
may be concemod ; but since they also suggest experimental tests 
by means of which the rival theories may be compared, and there 
is hope that the experiments will shortly be tried, it is reasonable 
to leave the discussion at this point in the hope that a few months’ 
work will provide a more definite answer 

Richards’ series of pajiers form at once the most complete and 
the most coherent of the studies on the acoustic properties of gases, 
so that it was thought better to describe their contents in sequence. 
In doing so a good deal of parallel or earlier work on allied problems, 
particularly on the redistribution of energy in the molecule from 
translational to internal degrees of freedom, has been passed over, 
and though some of the points there have already been raised, it 
is desirable to return to them. Kneser {Ann. Phys., 11, 777, 1931 ; 
iftid., 16, 387, 19; PAys. Zeit., 33, 179, 1931) showed that in 
carbon dioxide, sound waves of high frequency had an apparently 
abnormal velocity (becoming constant 3-77 per cent, above the 
normal at oa. 6 x 10‘ cycles/sec.) due to the time lag before com¬ 
plete energy redistribution could occur, the vibrational quantum 
lifetime being 1*0 i 0*2 x 10~* sec. Kneser and Ziihike {Z. 
Phys., 77 1 649, 1932) extended these observations and showed 
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that in tiie frequency region of from 10* to 10* cycles the velocity 
of sound increases by about 4 per cent, and then remains constant, 
the effect being due to the time lag of the transverse oscillations of 
the molecule, which, at high frequencies, are not excited and do 
not contribute to the specific heat. Pielemeier {Phya. Rev., 41, 
838, 1932) from studies both on the absorption and velocity of 
sound in CO „ of frequencies from 3 x 10® to 2 x 10* cycles assigned 
a time lag of from 10“’ to 10“ * for the transfer of energy between 
internal and external degrees of freedom. For oxygen, Henry 
{Nature, 129, 200, 1932) shows that a relaxation time of about 
10“* sec. is required. Tliis effect of the time lag i.s now apparently 
well established, and may prove most imixulant in helping to 
analyse the kinetics of homogeneous gas reaction. It may bo 
mentioned here that the greatest difficulties inherent on theories 
of this subject are due to om' very imjierfect understanding of 
molecular collision phenomena, so that a new line of attack, such 
as this, is exceedingly useful. 

Finally, to conclude this attempt to summarise the various 
applications of sound in chemical problems, its classical use in deter¬ 
mining the thermodynamic projierties may be mentioned Exact 
values of these constants are of importance both to the physicist 
and chemist, and indeed one of the very earliest applications was 
C® 

made when the ratio — for rare gases was ma<le by Ramsay, 

O 


and they were shown to bo monatomic. Keesom, Van Itterberok, 
and Van Lammcren (Proc. Amd. Sk. Atmlenlatn, 34, 996, 1931) 
have measured sound velocities in oxygon at low temperatures, 

t'i> 

and have shown y, i.e. -to increase from 1-400 at 0''C. to 

Cv 

1-408 at the teraixiraturo of the liquid gas. The value of the 
second virial coefficient could also be found. Similar measure¬ 
ments by van Itterberck and Keesom {Proc.Acad. Sk. Amalerdam, 
34, 988, 1931) on hydrogen show a value for y of 1-67 at about 
19° C., and Keesom and Van Lammeron {Proc. Acad. Sk. Amster- 
dum, 35, 727, 1932) have also made measurements on nitrogen 
over a wide range of low temperatures. 


GEOLOGY. By G. W. Tykbell, A.B.CJjc-. D.8o., The University, 
Glasgow. 

Obologv and Petrooraphy of Igneous Rooks—Extra- 
European. --While Dr. Niels Nielsen in his work entitled, “Con¬ 
tributions to the Physiography of Iceland, with particular Reference 
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to the HighlandB West of Vatnajokull ” (D. Kgl. Danske Videnak. 
Sdsk. Skr., Naturv. og Math. Afd., 9, Raekke IV, 6, 1933, pp. 187- 
287, 32 pis., 9 maps), deals mainly with problems of physical geology 
and glaciology, he has also recorded many valuable volcanological 
and stratigraphical data. A full review of this memoir by Dr. 
M. A. Peacock is given in the Oeog. Rev., April, 1934, 346-6. 

Dr. and Mrs. Hawkes describe the j)etrology and mode of in¬ 
trusion of the Sandfell Laccolith in south-eastern Iceland {Quart. 
Joum Geol. Soc., LXXXIX, 1933, 379-400). A phyolitio magma 
was intruded at a depth of 1,800 feet below the surface of a basaltic 
plateau which, at the same time, was in process of being built up. 
As intrusion continued a “ dome of elevation ” was formed, at 
first symmetrical, but later broken by a fault fracture on its north¬ 
eastern side. Submergence of the dome by lavas and tuffs followed ; 
then came dike injection and a westward tilting of the whole 
structure. 

The writer has descrilied the petrography of some Kainozoic 
igneous rocks, and of nicks from the C-ape Parry alkaline complex. 
East tJreenland, collected by the Wordie Expedition of 1926 {Oeol. 
Mag., LXIX, 1932, 620-7). New analyses of basalt and mon- 
chiquite of undoubted Tertiary age, and of spherulitic riebeckite- 
trachyte from Parry, are recorded. Some of the rock types 
seem to indicate the existence of lentral volcanoes similar to those 
of Skye, Ardnamurchan, Mull, and Arran. This conjecture has 
been strikingly confirmed by Mr. L. R. Wager’s discoveries during 
tlie recent British Air Route Ex})edition to Greenland (see Chapman, 
Northern LigtUs, 1932, Appendix on Geological Results by L. R. 
Wager). 

H. G. Backlund and D. Malmqvist have described the geology 
and petrology of the basic members of the (Kainozoic) “ basalt- 
formation ” of north-eastern Greenland, with the aid of new analyses 
of dolerito (a sill), plagioclase-basalt and olivine-trachybasalt 
(lavas) {Medd. Qrdt.land, 87, Nr. 5, 1932, 61 pp.). The authors 
indicate the existence of ring structures in this region. 

In his paper entitled “ Zur Kenntnis des Peridotite von Kaersut 
(Grbnland) und seines Ganggefolge,” F. K. Drescher {Min. u. Petr. 
Mitt., 43, 1932, 207-70) describee a sill of peridotite associated 
with “ dikes ” of dolerite, veins of kaersutite-pegmatite, and aplitic 
vein-fillings, which collectively present a suite remarkably similar 
to the peridotite, piorite, teschenite, and analcite-syenite suite of 
western Scotland. 

The central part of the Rest Island Granite of Minnesota and 
Ontario is described by J. H. Cram {Joum. Oeol., XL, 1932, 270-8) 
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as a highly quartzose biotite-soda-granite, whilst the borders are 
composed of shonkinite. Ordinary crystallisation-differentiation is 
invoked to explam the arrangement of the component parts of 
the intrusion. 

By collecting the available analyses of igneous rocks and ad¬ 
jacent sediments in Minnesota Professor F. F. Grout {Joum. (hoi., 
XLI, 1933, 196-218) shows that they fail to support the early view 
that the magmas of Minnesota were formed almost in place by 
hydrothermal fusion of older rooks, although some degree of assim¬ 
ilation and a considerable amount of injection, have taken place 
in some instances, leading to an apparent transition between 
igneous rocks and country rocks. Grout further discusses the 
evidence for actual fusion of crustal rocks at magin.itic temperatures. 

J. T. Stark’s paper on “ Igneous Rocks in the Buraboo District, 
Wisconsin ” {Joum. Oeol., XL, 1932, llfr-39), is a study of certain 
l*re-Cambrian rhyohtes which, in the past, had been variously 
misinterpreted as “breccia” and “granite.” 

The Tertiary igneous activity of the Stockton and Fairfield 
Quadrangles, Utah, as described by J. Gilluly {U.S. Geol. Surv., 
Prof. Paper, 173, 1932, 171 pp), began with the ejection of thick 
masses of latite breccias and tuffs, followed by more than 3,000 feet 
of lavas consisting of latite, rhyolite-obsidian, and, rather sur¬ 
prisingly, of nepheline-basalt and ohvine-basalt. Monzonitic in- 
trusives represent the plutonic equivalents of the lavas. An excel¬ 
lent example of a ring-dike surrounding a breccia-filled vent is 
described. 

Dr. A. A. Fitch discusses the Sierra Nevada as a co-magmatic 
region on the basis of the Niggli magmatic type system (Amer. 
Joum. Sci., XXIV, 1932, 481-96). It is shown that, since the 
Early Mesozoic, this region has been characterised by a suite of 
igneous rocks for which al, fm, and c -f alk are sensibly invariant, 
while c and alk have a reciprocal relation, the rocks becoming more 
alkaUc with time. The Sierra Nevada co-magmatic region was 
individualised at the beginning of the present orogenio cycle, in 
the Trias, and has preserved its identity until recent time. 

It is impossible to summarise here Professor Howel Williams’s 
fine memoir on the “ Geology of the Lassen Volcanic National 
Park, Cal.” (TJniv. Cal. Publ., Bull. Dept. Oeol. Sci., 21, No. 8, 
1932, 196-386). It provides a very compirehenHive statement of 
the volcanic phenomena, geological succession, and petrographioal 
characters of a region that has become classical for the study of 
igneous geology. Ten new chemical analyses of the Lassen lavas 
are published. 
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According to Professor H. Williams, Mt. Shasta, another famous 
volcano of the Cascade Range, is a typical strato-volcano composed 
mainly of andesitic and basaltic lavas with minor flows of dacite 
(Joum. Choi., XL, 1932, 417-29). After the mountain had been 
built up to nearly its present height plug-domes and cinder-cones 
were formed along a N. to S. fissure. Nudes ardentes, a crater- 
plug, and extensive lava flows took place from Shastina, a later 
parasitic cone The last eruption of Shasta, which probably 
occurred only a few centuries ago, left a thin cover of pumice over 
the whole mountain. 

The volcanic history of the interesting obsidian volcano of Glass 
Mountain, North California, has been investigated by C. A. Ander¬ 
son {Arner. Journ. Sci , XXVI, 1933, 486-506). One of the illus¬ 
trations is an aerial view of Glass Mountain which shows to per¬ 
fection, not only the configuration of the lava flows and domes, 
but also the tortuous flow lines on their surfaces 

The volcanic history and the petrography of the lavas of the 
Modoc Lava-bed Quadrangle, C-al., are exhaustively dealt with 
by H. A. Powers {Amer. Min., 17, 1932, 253-94) aided by many 
new chemical analyses. The lavas range in composition from 
olivine-rich basalts to rhyolites. Their mineralogy and chemistry 
conclusively relate them to the lavas of the Cascade Range. 

The t'' -k Tuscan formation of North California consists of 
volcanic breccias and tuffs which are believed to lie of Pliocene 
age, and to be connected with Cascade vulcanicity. Dealing with 
the geology of the formation C. A. An<ier8on also gives a valuable 
discussion of the origin of volcanic breccias (Univ. Cal. Publ., Bull. 
Dept. Oeol. Sci., XXIII, No. 7, 1933, 216-76). The nature and 
extent of the Tuscan breccias suggest the hypothesis that they 
were distributed by mud-flows consequent upon the melting of 
ice and snow during early Cascade eruptions. 

0. D. von Engoln describes two Uttle-known explosion-craters 
(the Ubehebe Craters) on the western side of Death Valley, (.'ali- 
fornia (Joum. Oeol., XL, 1932, 726-34). ijome c^oncontrically- 
spalled, cracked and split pebbles in the explosion-breecias are 
explained as due to sudden great heating in volcanic blasts. 

£. Callaghan discusses the sucoession and petrographical char¬ 
acters of the volcanic rocks which build up the (Cascade Range in 
Oregon, with the aid of an instructive series of chemical analyses, 
some of which are new (Trans, Amer. Oeophys. Union, 14/A Ann. 
Meeting, 1933, 243-9). 

Gabbro, homblende-quartz-diorite, biotite-quartz-diorite, trondh- 
jemito, and albito-granite, are the abundant plutonic rocks of 



SOIENCB PEOOBESS 


122 

eastern Oregon. The biotite-quartz-diorite m less sheared than the 
other types and may belong to a later igneous cycle. This hypo¬ 
thesis has been tested by study of the heavy mineral residues, by 
J. C. Reed and J. Gilluly (Atner. Min., 17, 1932, 201-20), in which 
it was found that the rook in question contained a distinctive 
mineral assemblage, and that the other types, although with less 
distinctive minerals, probably belong to a different, but consan¬ 
guineous, series. 

M. G. Hoffman has studied the structural features of the Columbia 
River basaltic lavas of the Moses Coulee in central Washington 
(Journ. Oeol., XLI, 1933, 184-95). This exhibits a l,9()0-ft. sec¬ 
tion of lavas resting on Upper Miocene sediments. The lavas show 
various types of columnar structure, cross-jointing, fan-like forms, 
rosettes, ellipsoidal and brecciated forms. The oonchtions of forma¬ 
tion of the latter are fully discussed. Thick and extensive lavas 
are ascribed to emission from numerous small fissures in the crust 
above a shallow intrusive mass. 

Bald Butte Ridge, Washington, according to the same writer 
(Joum. Geol., XL, 1932, 634-50), is a stock of the Idaho Batholith 
which protrudes through late Tertiary basalts. Its rocks form 
a petrographic series and have crystallised in the following order : 
hornblende-biotite-tonalite, biotite-tonalite, aplite dikes, quortz- 
gabbro dikes, pegmatite dikes, and quartz dikes. 

A. F. Buddington and J. G. Fairchild describe the Eocene 
volcanic rocks of south-eastern Alaska (Amer. Joum. Sci., XXIII, 

1932, 490-6). These emptives occur within a belt 200 miles long 
by 20 miles wide, and consist of olivine-basalts, labradorite-basalts, 
and andesites, together with a series of quartz-keratophyres, rie- 
beckite-microgranites and rhyolites. Ten new analyses are recorded. 

The igneous rocks of Fernando Noronha are described by W. 
Campbell Smith and C. Burn {Schweiz. Min. u. Petr. Mitt., Xlll, 

1933, 405-34). The types described are nosean-phonolite, alkali- 
trachyte, nepheline-basalt, and nepheline-b6Manite, with monchi- 
quite and gauteite dikes. Essexite occurs but has not been found 
in situ. Trachyandesite, Umburgite, and tephritic trachybasalt, 
are also recorded. The series compares closely with that of the 
Bohemian Mittelgebirge. Five new chemical analyses are published. 

The basalts of Patagonia, some of which are described by the 
present writer {Joum. Oeol., XL, 1932, 374-83), seem to belong to 
those slightly undersaturated types which are characteristic of 
“ plateau-basalts ” in the restricted sense of J. W. Gregory and 
H. Reck. This type contrasts with that of “ fiood-basalte ” which, 
in general, are oversaturated with silica. 
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An exhaustive petrographicaJ study of the lavas and associated 
hypabyssal and plutonic rocks of Teneriffe, La Palma and Grand 
Canary, has been made by Mme. E. Jdremine (Bull. Soc. Min. 
Franc., LVI, 1933, 189-261), with the aid of 24 chemical analyses, 
the majority of which are new. The three islands are shown to 
be built of alkaline lavas ranging from ultrabasic to acid magmatic 
types, resting on a plutonic basement complex which is composed 
of nepheline-syemtes in Teneriffe and Grand Canary, but of dolerite 
and gabbro in La Palma. 

In the writer’s “ Potrographical Notes on Rocks from the Gulf 
of Guinea ” (Geol. Mag., LXXl, 1934, 16-23) oceanite and biotite- 
trachyte lavas from Annobon Island (with new analyses), tinguaites 
from Princiix> Island, and gneisses and amphibolite from the main¬ 
land of Spanish Guinea (Rio Muni), are described. 

In two papers on East African volcanic rocks Mme. E. Jereraine 
(“ Roches volcaniques de la bordure occidentale du lac Rudolphe,” 
Camples Hendus, Paris, 198, 1934, 673-5; “Note sur quelques 
rochea de la Colonie dc K<^nya,” ibid., 838-40) describos, with new 
chemical analyses, pantcllentic pitchstone, phonolite, nepheline- 
sycnite, basalt, basanitoid, and ankaramite from L. Rudolf; 
oceanite and phonolite from Kenya. 

F. D. Adams and F. F. Osborne describe two nepheline-sodalite- 
syenites from new locahties in Northern Rhodesia (Canad. Joum. 
Research, 6, 1932, 571-6). The low content of binary oxides and 
the presence of aluminous segirine render these rocks of petro- 
graphical interest. They are chemically related to lavas at the 
northern end of L. Nyassa and probably belong to the same petro¬ 
graphic province. jWther sjiecimens of these interesting rocks 
are described by the same authors from another locality in Northern 
Rhodesia (Amer. Joum. Sci., XXVII, 1934, 135-46), along with 
scapolite-amphibolites thought to have l>een derived by the con¬ 
tact action of nephnline-ayenite magma on gabbro. 

In his paper, “ Zusammensetzung und Genesis der Alkaligosteine 
Siidafrikos,” S. J Shand (Min. u. Petr. MUl., 44, 1933, 211-16) 
states that he finds Daly’s “ limestone-syntectic ” theory most 
valuable in explaining the origin of the alkaline rocks of South 
Africa. The ooourrences at Pilansberg, Sekukuniland, and Pala- 
bora are regarded as representing different stages of the assimilation 
process. 

P. Niggli and B. Lombaard exhaustively discuss “ Das Biishveld 
als petrographisohe Provinz ” (Schweiz. Min. Petr. Mitt., XIII, 
1933, 11(1-86) on the basis of an aiocumulation of over 100 analyses 
including 21 new analyses made for the purposes of this memoir. 
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They come to the conclusion that the granitio me^(ma of the Bush- 
veld lopolith has probably been generated from the basic magma 
by a continuous process of crystallisation-differentiation, and that 
assimilation has played at most a subordinate part. 

S K. Chatterjee deals with the petrography of the igneous 
rocks of the West Gir Forest, Kathiawar, India {Joum. Oeol., XL, 
1932, 154-63). Both basic and acid types are developed and are 
associated in flows. The lavas and minor intrusions, however, are 
mostly basic and are contemporaneous with the Deccan Traps, 
although they differ from them in several features which are peculiar 
to Kathiawar. Seven new analyses are given. I'he suite seems 
to have resemblances to that of the Tertiary volcanic centres of 
the West of Scotland. 

In his “ Study of the Granitic Intrusions with their Associated 
Rocks in Ranchi and Singbhum Districts, Rihar and Orissa,” 
L. A. N. Iyer {Rcc. Oeol. Surv India, LXV, Pt. 4, 1932, 490-533) 
records interesting granitisation phenomena, hybrid rocks and 
synantectic minerals in granites and hornblende-schists, with no 
fewer than 18 new analyses. The latest stage of igneous activity 
in the region ts represented by dolerite dikes of which 6 analyses 
are given 

In two recent papers C. Burri and H. Huber (“ Geologie und 
Petrographic, des jungvulkanischen Gebietes am Lower Chindwin, 
Upper Burma, ’ Rchtveiz. Min. Petr. Mitt., XII, 1932, 286-344; 
” Grundzuge der Geologie im Burma mit besonderer Berucksichti- 
gung des jungen Vulkanismus,” Zeitschr.f. Vulk., XV, 1933, 163--79) 
provide a most useful summary account of the geology, tectonics, 
volcanology, and petrography of Burma, with special reference to 
the latest (Tertiary) period of volcanicity. New analyses of olivine- 
basalt, pyroxenolite, and pyroxene-homblendite firom the Lower 
Chindwin district are recorded. 

The lavas of Mauritius, as described by S. J. Bhand {Quart. 
Joum. Oeol. Soc., LXXXIX, 1933, 1-13), provide yet another 
example of the association of basalts with trachytes and phonoiites 
in oceanic islands. An hypothesis of the derivation of trachyte 
from olivine-basalt by “ gas-streaming ” is put forward. If, how¬ 
ever, the “ pacilicite ” type of basalt is the parent nm gma then 
phonolite is to be expected as a late differentiate. Paoifioite is a 
doubtful rock type as anemousite feldspar, on the occurrence of 
which the type is based, is now suspect (see C. E. Tilley in discussion 
of Shand’s paper, p. 12, cit. supra, and Beliankin’s work on 
anemousite, for which see summary, Soibxcb Pbogrbss, April 
1934, p. 
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Kerguelen, that almost exact counterpart of Iceland in the 
Indian Ocean, has been the subject of a comprehensive monograph 
by E. Aubert de la Rue {Rev. giogr. phys. et giol. dynam., Paris, V, 
fasc. 1 and 2, 1932, pp. 1-231, 25 pis., 2 maps) in which the 
geography, physical geology, stratigraphy, and petrography of the 
archipelago are fully treated. The lavas of which Kerguelen is 
composed are mostly basalts of a mildly alkaline cast, associated 
with domes of trachyte and phonolite Plutonic types such as 
nepheline-syenite, gabbro and monzonite, have been found in the 
western part of the main island. Nine new chemical analyses are 
recorded. 

In a paper entitled “ The Oeology of Marysville, Victoria,” 
E. S. Hills (Geol Mag., LXIX, 1932, 145-00) describes Upper 
Devonian granodiorites intruded into a series of lavas which com¬ 
prise nevadites, toscanites, meta-andesites and meta-basalts. Inter¬ 
esting contaminated and hybrid types are described. The work is 
accom[>anied by 12 new chemical analyses. 

The Upper Devonian igneous rocks of the Warburton Area of 
Victoria are dealt with in two papers by A B. Edwards (“ The 
(jreology and Petrology of the Warburton Area, Victoria,” Proc. 
Roy. Soc. Vict., XLIV, Pt. 2, 1932, 103-81 ; “On the Datiite- 
(iranodiorite Ck)ntact Relations in the Warburton Area,” ibid., 
182-99). They comprise an acid suite of lavas including soda- 
rhyohtoH and several types of dacite. Granodiorite is intruded into 
dacite lavas, and has produced an interesting series of contact- 
motamorphic rock types. Five new chemical analyses are given. 

Again, in the Black Spur (Healesville) district of Victoria, Mr. 
Edwards has demonstrated the existence of a series of acid lavas 
of Devonian age, associated with a mass of granodiorite containing 
xenoliths of dacite and porphyrite {Proc. Roy. Soc. Fid., XLIV, 
Pt. 1, 1932, 49-78). A magmatic reaction-relation between hypers- 
thene and biotite is demonstrated in the dacites. Eleven analyses 
are given of which four appear to be new. 

F. J. Turner has written an account of the petrography of 
tinguaites and camptonitee from the vicinity of Haast Pass, New 
Zealand {Trans. N.Z. Inst., 61, 1932, 215-29). These rocks are 
shown to be later than the Lower Cretaceous orogeny of the region, 

BOTANY. By Paorassoa E. J. SausBUBY, D.Sc., F.R.S., ITnivereity 

College, London. 

Ecology. —Interesting details regarding the biology of the biennial 
Melilotus alba are furnished in a paper by J. N. Martin {Amer. 
Jour, Bot., 21, 140-169, 1934). Germination in the wild state 
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occurs at the end of March and the cotyledons become raised one 
or two inches above the surface, but owing to subsequent oontraotior 
in the radicle and hypocotyl the cotyledonary node is brought below 
the ground level. The plumule forms the first-year shoot whilsf 
buds in the axils of the cotyledons, already present in the resting 
seed, form the “ crown buds ” which in the second year grow out 
into the flowering shoots. Data are furnished which show that 
shoot growth occurs mainly in the early i>art of the growing season 
whilst root growth takes place chiefly in September. There is a 
high degree of correlation between root weight and the diametei 
of the stem (+ 91). The seasonal distribution of shoot and root 
growth appears to be independent of soil differences or competition, 
but the latter appears to depress root growth more than shoot 
development. Removal of the shoot prior to, or at the beginning 
of, the period of root development not only had an inhibiting effect 
on root grow'th but greatly increased the winter mortality. CVown- 
bud development and hence flowering is markedly correlated with 
the growth of the root system. 

The vegetation of the Great South Lake Region is the subject 
of an account by S. Flowers {Bot. Oat., XCV, No. 3, pp. 353-416). 
At Midlake, where the precipitation is only 6-39 inches, the annual 
evaporation is equivalent to about 69 inches. The water of the 
lake contains about 20 per cent, of salt which is slightly less than 
that of the Dead Sea. Blue-green Algae are the chief plants present 
with Aphanotheca 'utahensis as the dominant species. Microcystis 
and Oscillaioria also occur in the most saline areas. Chlorophycene 
are represented by a species of Chlamydommm and Tetraspora 
Ivbrica. The salt flats are occupied by Salicomia, Suaeda and 
Allmrolfea, of which the first forms a belt where the average salinity 
is from 2 to 3 per cent, with a maximum of 6-6 per cent. ; the 
Suaeda zone averages 1 to 2 per cent, (ipaximum 4 per cent.) and 
the Allenrolfea zone 1 to 1-5 per cent, (maximum 3 per cent.) 
Species of Atriplex, Sarcobaius and Kochia grow on the alkaline 
plain where the salinity is between 0 6 and 1 per cent. Myxophycoae 
occur in the hot mineral springs where the water temperature 
attains 61° C. 

From a study of the conditions of growth and reproduction at 
the forest margin in Alaska and from pollen analyses from the 
underlying peats R. F. Griggs and P. W. Bowman conclude that 
the existing forest limit is of recent origin and is still advancing. 
Reasons are given for attributing this to the secular changes since 
the last glaciation, equilibrium not having yet been attained since 
the retreat of the ice sheet (Ecology, XV, 80-100, 1934). 
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The mixed types of climax forest which characterise the Cran- 
bmy Lake region of the Adirondack mountains are found by V. H. 
Young to include a number of diverse communities with which are 
associated marked differences in the soil characters. The soil 
heterogeneity is regarded as determining the dominant species in 
the various habitats studied. This conclusion, if valid, emphasises 
the importance of recognising that in the same climatic area a 
considerable diversity of soil conditions may become evolved 
(Ecology, XV, 164-96, 1934). 

The soil temperatures of sand-dunes in relation to the vegeta¬ 
tion is the subject of a paper by Salisbury (Trans. Norfolk and 
Norvneh Nat. Eoc., XI11, 333-56, 1934). Appreciable dififer- 

ences are shown to result from differences in the type of veget¬ 
ation cover: from the colour of the sand, due to the amount 
of organic material on the surface, and from topography. The 
conductivity of the sand is an important factor varying with 
content of organic material and the moisture present. Owing to 
the high surface temperatures attained by the sand, the air temper¬ 
atures immediately above the sand surface may be 10° C. to 15° C. 
higher than that of the air generally even in spring. The importance 
of these high air-temperatures for the assimilation of the winter- 
annuals is emphasised since such may well enable them to assimilate 
actively when plants in other habitats are below the critical temper¬ 
ature for that process. 

An interesting paper by F. J. Richards (Ann. Bot., XLVIII, 
225-69, 1934) gives a statistical analysis of data regarding the rate 
of accretion, erosion and horizontal extension of salt marshes in 
the Dovey Estuary. As is to be expected the accretion is slow at 
first increasing with the density of the vegetation, but subsequently 
decreasing with the rise in height. In the Armerieium it is calculated 
that a rise of one foot would occupy from about thirty to eighty 
years. For the Festucetum rises of from 1 67 to 3 38 cms. in about 
two years were recorded and in the Juncus zone from 1-2 to 
61 cms. in the same period. 

Ckyptooamic. —h very lucid account of the nuclear changes in 
a disoomyoetous fungus Aaoophanus Aurora is given by Gwynne- 
Vaughan and Williamson (Ann. Bot., XLVIII, 262, 1934). On 
germination the spores give rise to a haploid mycelium containing 
nuclei with two chromosomes. Globular antheridia are formed 
containing from four to ten nuclei and distended club-shaped 
oogonia containing from eight to twenty nuclei. The male nuclei 
pass down the unicellular tricbogyne end fuse in pairs with the 
female nuclei. The oogonium then forms from one to four asco- 
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genous byphae containing nuclei with four chromosomes. Two 
nuclei fuse in the normal way to form the ascus nucleus which is 
thus tetraploid with eight nuclei. The first and third divisions 
are reduction divisions producing eight haploid spores. 

A .synopsis of the European species of Pogonatum and Polytrichum 
by J. H. Albrecht {Jcmr. Bot., LXXII, 7&-80 and 104-110) is illus¬ 
trated by details of leaf structure drawn by Mr. Sherrin. No new 
sijocies are described but new sub-species are recognised under 
P. aloides, P. urtngerum, P. fortnoaum, P. commune anil P. piliferum. 

ENTOMOLOGY. By H. F. Bahnks, M.A., Ph.D , Rothumsted Expen- 

iticnt-al Station, HaT|>onden. 

(jIeneral Entomology. —A paper that will be of interest to all 
morphologists is one by R. E Snodgrass on t h(' genital ducts and 
the ovipositor of insects (Smithaonian Miac. Coll., 89, No. 8, 1933, 
148 pp ). 

An important contribution to our knowledge of the physiology 
of the cuticle and of ecdysis has lieen made by V. B. Wigglesworth 
in a pa|x*r {Q.J.M S., 76, 1933, 2C9-318) dealing with Rhodniua 
prolixua. Special reference is made to the function of the conoeytes 
and of the dermal glands. The cuticle is shown to consist of two 
primary layers : a very thin ejhcuticle and a thick endoouticle of 
protein and cliitin. The epicuticle is composed of material for 
which the name “ outiculin ” is proposed and which is perhaps a 
complex mixture of fatty or waxy substances. The endoouticle 
is made up of two parts separated by a distinct horizontal line; 
of these only the outer is laid down before moulting. In the adults 
the outer jiart of the endoouticle is impregnated with cuticulin 
over the greater part of the abdominal tergites and stemites, but 
in nymphs the endoouticle of the abdomen is impregnated with 
cuticulin only below the little plaques which bear bristles. As a 
consequence, the stretching of the abdomen to receive large meals 
of blood is accomplished by a different mechanism in nymphs 
and adults. 

In the formation of the new cuticle the non-chitinous epicuticle 
is laid down first and below it is laid down the chitinous endoouticle. 
This appears to be secreted in fluid form around filamentous 
processes by the epidermal cells which become the pore canals. 
The impr^piation of the outer part of the endoouticle with cuticulin 
takes place gradually after the endoouticle is formed. The dermal 
glands are associated with moulting and afterwards d^jenerate. 
They are formed afresh at each moult from embryonic cells in the 
epidermis and secrete the moulting fluid whose oliief function is to 
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digest the old cuticle, ^ All but about 14 per cent, of the old cuticle 
of the abdomen is digested and absorbed, but the epicuticular 
structures are not affected. Exi)erimental evidence is given showing 
that there is a continuous circulation of the moulting fluid, and that 
th§ products of digestion arc absorbed tlirough the general surface 
of the new cuticle which does not develop its waterproof properties 
until the time of moulting. The dermal glands appear to play 
no part in the formation of the new cuticle. 

Inlets may be killed at high temperatures either on account of 
the or by desiccation. I^eath by desiccation is liable to occur 
in insJRs wlucli cannot conserve the water in their bodies, os the 
evai>orative power of the air is greater at high than at low temper¬ 
atures. K. Mellanby (J. Expt. Biol., 11, 1934, 48-53) has now 
shown that starvation is a tliird factor causing death at high temper¬ 
atures Unfed lice and mosquitoes could not withstand as high 
temjXTatures as they could when fed. This is stated to be so 
because they had such small f(x>d reserves and at high temperatures 
tlieir rate of metabolism was so increased that they died of starvation. 

The annual address of the president of the Hawaiian Entomo¬ 
logical Society for 1932, delivered by R. N. Chapman (Proc. Haw. 
Ent. Sor. 1932, 8, 1933, 279-98), w^as entitled “ The Causes of 
Fluctuations of Populations of Insects.’’ It deals with the author s 
Tribolium studies. Two of Volterra s laws, that of the conservation 
of the averages and that of the }X5riodic cycle, have already been 
substantiated. In addition it has been shown that any advantage 
or disadvantage which individual memliers of a population may 
possess will he lost in the next generation unless inherited. 

The efficiency of estimations of insect jxipulations by means of 
the method of collecting by sweep nets has often been called into 
question, but the insect net is apparently still largely used, H. E. 
Gray and A. E. Ti’eloar (Ecol^y, 14, 1933, 356-67) have made 
a statistical attempt, after sweeping in an alfalfa plot, to determine 
the accuracy of this technique. They find that the use of the sweep¬ 
ing method for purposes of comparing different types of environment 
under the same conditions, or the same type of habitat under 
different conditions, has little quantitMive value miless based on 
extensive collections. They state that for a reduction of the error 
range to 10 iier cent, the number of collections must vary from 
approximately 124 to 1,079, involving from 3,100 to 26,975 sweeps 
of the net. 

Another study {J. Counc. Set. and Ind. Res. {Australia)^ 6, 1933, 
145-56) on the seasonal fluctuations of insects has appeared recently. 
It deals with Tkrips imaginis Bagnall and associated blossom thrips. 

K 
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The writer, J. W. Evans, formed the opinion that the numbers of 
individuals comprising the first spring generation determine the 
possibilities of a subsequent infestation. He found that the numbers 
present in this generation are dependent especially on the meteoro¬ 
logical conditions during the preceding four months. He further 
concluded that the control by parasites or predators at any one 
time or in any place appears to be of very little account beyond 
being of academic interest. 

G. Salt has contributed two papers dealing with experimental 
studies in insect parasitism. These experiments are designed to 
provide data for the better understanding of the numerical inter¬ 
action that goes on generation after generation tietwcen the parasite 
and its host. Up to the present such data are scarce and such workers 
as V. Volterra, W. R. Thompson and V. A. Bailey, who have dealt 
with the problem from a mathematical standpoint, have based their 
work on field observations. The last named has recently (Proc. 
Boy. Soc., A, 143, 1933, 75-88) considered the interaction between 
several species of host and parasites. The first of Salt’s papers 
{Proc. Roy. Soc , B, 114, 1934, 460-4) describes the technique k» 
be employed; this aims at providing a controlled and uniform spatial 
exposure of the hosts for a definite period of time under controlled 
environmental conditions. The insects to be used are the parasitoid 
Trichogramma evanescena Westwood and the motlis Sitotroga cereai- 
ella and Ephestia kilhnieUa. In hb second paper (loc. cit., 465-70) 
Buperparasitism is discussed. Evidence is brought forw'ard to 
prove that Trichogramma can distinguish between unparasitised 
and parasitised hosts and avoids ovipositing in the latter. They 
can also retain their eggs rather than deposit them in parasitised 
hosts. Thus the hy|)othesiH that the progeny of parasitoids are 
distributed at random without reference to the previous parasitisation 
of the host is untenable for this species. 

Nellie M. Payne has been studying the differential effect of 
environmental factors upon Microbracon hebetor Say (a Braconid) 
and its host Ephestia kUhniella Zeller {Biol. Bull., 65, 1933, 187-206). 
Two strains of the moth, one developing much faster than the other, 
were used. Several interesting facts concerning host-parasite 
balance are recordcxi. For instance, in general high temperatures 
(above 32“ C.) and high relative humidity favour the host while low 
temperatures (16° C. and below) and low relative humidity favour 
the parasite. The relative speeds of development and the time of 
emergence of the parasite are shown to be important in the question 
as to whether the parasite can exterminate the host or not. For 
example, if the parasite emerges at the begin ning of the pupal 
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period of the host it can exterminate the slow strain of host only 
at 21° C., but it can overtake the fast strain at temperatures from 
27® C. to 20° C. inclusive. On the other hand, if the parasite emerges 
during the larval stage of the host and can complete two generations 
during this stage, it can exterminate the host. Similarly if the 
adult parasite emerges at the beginning of the egg stage it can 
exterminate either strain of host except at 16° C. and below. 

The recent outbreak of the Colorado beetle at Tilbury in the 
autumn of 1033, of which an account has been written by J. C. F. 
Fryer {J. Min. Agrtc., 40, 1934, 907-12), has brought to the front 
the whole question of legislative attempts to prevent the entry of 
undesirable insect pests. This method of insect control is in some 
countries rather reminiscent of the Cinderella of legend. In Cali¬ 
fornia however plant quarantines, like biological control, have been 
highly develojied. A few years ago a committee of distinguished 
entomologists, plant pathologists and agricultural economists under 
the chairmanship of H. 8. Smith was appointed to make a study 
of the efficacy and economic effects of plant quarantines in California. 
Their report (Untv. California BuU., 553, 1933, 276 pp.) has now 
been published. The committee seems to have considered every 
aspect of the question most thoroughly, both from the general and 
particular viewpoints On the whole, although several minor alter¬ 
ations are recommended, the report is distinctly favourable. 

Two aspects of biological control work are worthy of note. 
H. Woinersley (J. Counc. Set. and Ind. Rea. (Auatraiia), 6, 1933, 
83-91) suggested after a preliminary investigation that the BdeUid 
mite, Biscirua lapidariua Kramer, might be a possible control of 
the clover spnngtail or lucerne flea in Western Australia. Incident¬ 
ally this appears to be one of the flrst cases of an Acarine being used 
for biological control. ' Many years ago (1873) a mite was brought 
in to control the Phylloxera on grape vines in France. G. A. Currie 
(loc. cit., 7, 1934, 9-20) in a survey of some of the agricultural areas 
of Western Australia has found evidenoe supporting Womersley’s 
claim that in certain cases the mite does control the lucerne flea. 

P. A. Buxton in 1927 su gg ested introducing mosquitoes of the 
genus Megarhinua (whose larvse are predaceous) into Samoa and 
Fiji for the control of another mosquito Aides setUdiaria (variegatm) 
which transmits human filiaris. B. W. Paine (BuU. Ent. Rea., 25, 
1934,1-32) has now recorded successful introductions of M. aplendem 
(in 1931) and M. inomaiua (in 1933) into Fiji and gives an account 
of the spread of the former species since its introduction. 

CoLEOPTKRA. —Dorothy J. Jackson (Ann. Appl. Biol, 20, 1933, 
731-70) has made a study on the flight muscles of Sitona weevils. 
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In macropterous weevils of S. hiapidtda marked variation oocnrs 
in regard to the development of these muscles, some individuals 
being able to fly while others are fjermanently flightless. The 
histology of the fibrous muscles is entirely different in these two 
forms. Miss Jackson finds that in newly emerged adults of S. Uneata, 
an excellent flier, the condition of the flight muscles and their 
chitinous supports closely resembles that of the flightless form of 
H. hispidula. However in S. lineata the normal condition is usually 
attained a short time after emergence. 'I’he flightless macropterous 
weevils of S. hispuiula can therefore be regarded as individuals in 
which the normal post-metamorphic development of the flight 
muscles and their supports has been arrested. Evidence obtained 
by breeding S. hupidula suggests that unfavourable environmental 
conditions during ontogenetic development may lie responsible for 
the production of the flightless weevils. 

Lkpidoptera. —It has been suggested that arsenic resistant 
strains of codling moth larvaf? were being developed. This arose 
from the fact that greater difficulty is being experienced in con¬ 
trolling the Colorado straui of larv® by means of arsenical sprays 
than the Missouri and Virginia larvae. L. Haseman and R, L. 
Meffert {Univ. Mtsaouri Agrtc. Expt Sta , Research Bull 202, 1933, 
11 pp ) have been injecting measureil doses of arsenicais directly 
into the digestive tract and into the htemocoele of such larvas. 
They have found that there is no marked difference in the three 
strains as regards susceptibility to arsenic. 

Hemiptbba. —W. E. China {Ann. ami Mag. Nat. Hist., 12 
(10th series), 1933, 180-96) has constructed a “ family tree ” for 
the Hemiptera-Heteroptera based on recent studies and showing 
their relationships and origin. This is an important contribution 
on the phylogeny. 

A study of colour and colour variation in Aphis gossypii Glover 
has been made by R. E. Wall {Ann. Ent,. 8oc. Atner., 26, 1933, 
425-64), Among some interestmg results, one notes that body 
size and length of appendages are directly correlated with colour 
in the individual, the darker forms being larger. Moreover, a 
considerable number of the light forms show a reduction in segmen¬ 
tation of the antennse in addition to a diminution in general size. 

Hymenoptbra. —The flight range of the honey bee has received 
the attention of J. E. Eckert {J. Agric. Res., 47, 1933, 267-85). 
Various other writers have estimated the range to be from one to 
seven or more miles but this author has presented experimental 
evidence. When bees were separated from a given nectar-producing 
area by land which possessed no source of food, they flew a maximum 
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distance of at least miles. But one of the most interesting rcvsults 
obtained was the fact that bees from apiaries situated within a 
nectar-producing area have a tendency to fly in only one or two 
major lanes of flight, neglecting similar forage plants in other 
directions. Bees would fly from 2-75 to 4 6 miles in one direction 
when located within a nectar-producing area and confine their 
efforts to working in that direction rather than in nearer fields of 
seemingly equal attractiveness. 

I)iitkua.--R. P. Hobson {Biochem. J., 37, 1933, 1899-1909) 
in a paper on the growth of blowdly larval on blood and serum has 
dealt with the response of aseptic larvas to vitamin B. They re¬ 
semble higher animals in the vitamin B requirements, each of several 
substances in yeast being necessary in adequate amounts for growth. 
One of those gniwth factors is shown to bo identical with vitamin 
B,. The chief effect of vdtarain B deficiency is shown to be retarded 
growth, vitamin B thus apfioaring to act os a catalyst of growth 
accelerating a reaition which proceeds at a slower rate in its absence. 
Further, exiierimonta have shown that blowfly larvao fail to develop 
on blood unless vitamin B is added or living bacteria are present; 
tliis helps to confinn the hypothesis that the function of the sym¬ 
bionts in blood-sucking insects is vitamin sjmthesis. 

A systematic revision of the genus Luciha R.-D has been made 
by Miss D. Aubertin {J. Linn. Soc. London, Zool., 38, 1933, 389- 
4 ^). 

Other OBnER.s. — E. R. Speyer (Ann. Appl. Biol., 21, 1934, 
120- 52) in a study of some common species of the genus Thrips has 
shown that there is considerable range of variation within the 
spooies of characters which have in the past been used for the separ¬ 
ation of species, especially measurements of antennal joints and 
set® on the body. New structural characters, notably the chroto- 
taxy of the abdomen, of true specific value are given. 

ARCHiEOLOOY. By E. N. Faixaij*. B A. 

Early Mak iw China. —Further discoveries in the cave of Chou- 
koutien, the home of Peking man, announced only a short while 
before the untimely death of Dr. Davidson Black, open up a vista 
of possibilities in the way of future discovery which emphasises 
the lose of his services not only to arohseology and human palieon- 
tology in China, but to the science of prehistory in general. Dr. 
Black at the time of his death was engaged on the results of the 
previous season’s work at Choukoutien; but a preliminary report 
had been presented to the Geological Society of China, of which 
an account appears in Nature, January 20, 1934. A pocket of 
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grey sediments of apparently modern facies, situated above the 
^nanthropus deposits toward the top of the hill, and known as 
the “ Upper Cave ” has yielded human skeletal remains and traces 
of an industry with abimdant evidence of fire. The human remains 
consist of two almost complete, but somewhat crushed skulls, 
fragments of skulls, teeth, fragmentary lower jaws, bones of the 
upper extremity, vertebrae and leg and foot bones. The skulls are 
of modern type {Homo sapiens). The artefacts are three stone 
implements of chert and quartz, a deer canon bone worked at bfrth 
ends, thirty or more fox canine teeth perforated for a necklace, 
an ornamental cylindrical piece made from the long l)one of a bird, 
and a quantity of oolitic hematite, probably ini|><)rtcd from a 
distance. The associated fauna included Hyama (extinct but differ¬ 
ing from that of the Sinanthropus beds), Felts tigns, Cynailurus 
(now restricted to India), Equus hemwnus, and Cervus elaphus. 
Both hysena and elaphus show resemblances to specimens from the 
quaternary deposits of Sjara-osso-Col. On lithological, strati 
graphical and faunistic evidence these finds are clearly to be dis 
tinguished from those of the Sinanthropus deposits. I'hey an’ 
pleistocene in ago ; and the industry and human remains were 
assigned by Dr. Black to a late pleistocene date and palieolithio 
culture corresponding approximately to that of the upper palseoUthic 
of Siberia and Europe. The industry appears to be slightly more 
developed than those of Ordos (Shui-tung-ko and Sjara-osso-Gol), 
described by P. Teilhard de Chardin and previously the only known 
palaeolithic culture in the Chinese area, with wWch no typically 
worked bones have thus far been found in certain association. 

The importance of this extension of the distribution of Homo 
sapiens of Pleistocene Age to China needs no emphasis, though a 
more precise description will be awaited with interest. It does 
not, however, exhaust the season’s discoveries in the immediate 
neighbourhood of the Sinanthropus cave. In the limestone to the 
south of Locality I, among a number of fossilised bones in a 
peculiar red deposit, were several teeth and limb bones of a large 
baboon, stated probably to be Cynocephalus wimani Schlosser. 
Whether these represent a pro-Choukoutien stage was not clear at 
the time of reporting, but it points to a successive occupation at 
Choukoutien by baWms, Sinanthropus and a modem type of 
Homo. 

Pbe-Cbao Man in East Anglia. —Claims recently formulated 
by Mr. J. Reid Moir on behalf of the high antiquity of man in 
East Angha are hardly less startling than the evidence of early 
man which has oome from China. Mr. Reid Moir has been engaged 
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in the further investigation of the Suffolk bone beds below the 
deoalcified lied Crag at Ipswich and at Bawdsley on the sea coast. 
Ray Lankestcr’s investigation of the fauna of the bone beds led 
him to the conclusion that the remains were derivative and of 
diverse ages ranging from miocene to pliocene. Mr. Reid Moir 
is of the opinion that an analogous diversity in age and origin is 
to bo attributed to the pre-palaeolithic implements found in these 
be<ls. His bases of classification are type and patination. He 
distinguishes no less than four groups of implements, in which the 
interval in time and the distinction in form between Group 1 and 
Group 4 is {jossibly as great as that between early Chellean and 
Achoulean. Further ho has found a rostro-carinate encrusted with 
a deposit which, he holds, makes it probable that this implement 
was at one time embedded in Diestian sandstone. As it is clearly 
later in date than the flaking on the implements of Group 1 it 
would apjiear, Mr Moir concludes, that the earliest flint imple¬ 
ments in these beds belong to some unspecified period preceding 
the Diestian. On tyixilogical grounds these pre-Crag implements 
are to be regarded as more advanced than the Harrisonian eolith, 
and the product of an appreciably higher development in culture, 
arguing, Mr. Moir would hold, a considerably earlier dating for 
the simpler and more primitive type. 

Paiasolithic Man in the Nile Vaixey. —Although the im¬ 
portance of the Nile Valley from the point of view of the geologist 
and the arohteologist have long been appreciated, it was not until 
1926, when W. J. Arkell and K. S. Sandford were sent out by the 
Oriental Institute of the University of Chicago, that any attempt 
was made to survey it systematically as a whole. In the first three 
seasons’ work a preliminary survey was made of the river banks 
between Luxor and Kom Ombo and in the region of the First 
Cataract, and the Faiyum and Delta were covered. In 1929-30 
the expedition returned to Upper Egypt, traversing again and 
extending the ground examined in the first season. The results 
of this last survey have been embodied in a report on the geolc^ 
and archaeology of the 360 miles of river from Semnah to Luxor. 
(Univergity of Chicago Oriental InetUtUe Publicationa, vol. XVII: 
Prehistoric Survey of Egypt and Western Asia, vol. II.) No pliocene 
deposits were found south of Aswan. Plio-pliocene river platforms 
and terraces were followed from Wadi Haifa at 300 feet, 200 feet 
and 160 feet, for the greater part of the distance to Aswan. No 
implements of pliocene dating were found. Artefacts do not appear 
until the 100-foot terrace is reached. Terraces and implements 
are associated as follows: 100-foot terrace, Chellean types ; 60- 
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foot terrace, Acheulean types ; 30-foot terrace, lie Moustier I; 
10-foot terrace, Le Moustier II; Basal part of silt, Le Moustier III. 
A notable feature of the industries is the variety of material used, 
ranging from chert to sandstone and ironstone. The Sebilian 
industry, which follows the Mousterian, is fuUy described and 
figured. No Aurignaoian types were found. Sebilian, both Lower 
and Middle, show very clearly their Mousterian derivation ; but 
the authors regard it as better to employ the term Lower Sebilian 
for the earlier type, rather than abandon it for a further qualification 
of Mousterian, hen^ following M. Vignard. The Upper Sebilian, 
known only from surface finds, presents in general a. marked con¬ 
trast to Middle Sebilian It is an industry of little but microhths, 
and the authors conclude that a new and outside influence entered 
the culture in Upper Sebilian times They tend to associate this 
influence with some form of the (’apsian and regard its appearance 
as in all probability a late event. This part of the Nile, in fact, 
ix'mained a stronghold of the Mousterian technique long after it 
had been forgotten elsewhere. It also seems probable, judging 
from the evidence of the Nile levels, that the ITppt^r Sebilian culture 
IS to be related to the oldest drawings, in which giraflfes appear, 
in a series of rock engravings which was discovered at Wadi el-Arab. 
If this attribution be accepted, it may relate the Uapsian element 
to the movement from the Mediterranean to the south of Africa, 
for which the Abbe Breuil aigues on the evidence of the rock- 
drawings of eastern iSpain, north Africa, the Nubian Desert and 
the art of the Bushman 

Cafsian CuLTifBE IN NoKTH AFRICA. —The discuBsion of the 
character of the Upper Sebilian microlithic culture of the Nile 
Valley and its possible inclusion of a C^psian element should be 
read m the light of an examination of the Capsian industry of 
north Africa by M. R Vaufrey in L’AiUhropologie, vol. XLIII, 
Nos. 5-6, on the evidence of certain investigations made by him 
in the shell-heaps of southern Tunisia in 1931-32. M. Vaufrey, 
conducting his investigations in accordance with more exacting 
methods than those followed by previous investigators, arrives at 
the conclusion that the distinction between Lower and Upper 
Capsian based upon the rarity of microliths and the almost exclusive 
preponderance of the larger implement in the Lower Capsian, 
must be abandoned in view of the fact that the microlith, contrary 
to accepted opinion, is abundant and already highly developed in 
the earlier stage. The Capsian, he holds, is essentially one, but it 
is divisible into three stages, in which the microlith is the binding 
material. Of these the first stage is the typical Capsian, in which 
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ooour points, burins and scrapers with a characteristic microlithio 
industry. The second is an intero-getulian neolithic or Upper 
Capsian,in which the burin is exceptional and triangles and scalene 
points predominate among microUths ; and the third is a neoli¬ 
thic of Capsian tradition, in which shell heaps are rare, the typical 
Capsian implement, the point d dm rahattu disappears and Saharan 
influence is introduced. The Capsian is thus shown to bo late 
palaeolithic or mesolithic and cannot be regarded as an ancestor 
of the Aurignacian culture. 

The Nkolithic Aoe m Western Europe —^Tho implications 
of M. Vaufrey’s reconsideration of the character and jxisition of 
the Capsian industry are too numerous to consider hero in detail. 
It will be noted, however, that while holding it to be essentially 
a late palaeolithic or mesolithic culture, he carries it over into what 
he terms “ neolithic,” thus agreeing M'lth recent tendencies to 
extend the mesolithic at the expense of neolithic. At the other 
extremity of what was at one time regarded as the most extensive 
in range of the prehistoric cultures, the earlier phases of the Bronze 
Age have also encroached on the province of the neolithic, so that 
in some views of the extent and relation of jirehistoric cultures 
this phast« has wellnigh disappeared. An attempt to redress the 
balance is made by Mrs. Jacquetta Hawkes in a review of the 
evident*) for the distribution and character of the neolithic and 
chaleolithic cultures m western Europe, which ajipcars in Aniiquihf 
for March last. Mrs. Hawkes takes as her starting-point an early 
culture which she identifies in south and east France. I'his she 
follows up the Rhone Valley to the western Swiss lakes, where it 
established itself during the first Danubian jieriod, and passed to 
Britain, avoiding Brittany. This first jxiriod was followed by a 
period of differentiation, in which one offshoot, turning east, came 
under Danubian influence and acquired a distinctive character 
which is seen in the Michelsberg culture. Another offshoot towards 
the west came into contact with a stream of influence from southern 
France and, assuming a sophisticated character especially in its 
jiottery, was responsible for the Chassoy culture. Proceeding far¬ 
ther westward it then became one of the elements in the elaborate 
chaleolithic culture of Brittany. The Seine-Oise-Mame cultum, of 
which the most characteristic feature is the vase with everted rim, 
well-marked shoulders and splayed foot, cuts across this culture 
from Belgium to the Channel Islands and shows afiSnities with the 
culture of the people who in the meanwhile after severe floods had 
resettled the Swiss lakes. 

pRBHiSTORio Settlement in East Anolia. —Mrs. Hawkes’ 
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oontribution to tho study of the neolithic period on the Continent 
affords a starting-point for the discussion and interpretation of the 
pattern which may be developed from the confused and sometimes 
puzzling data of cultural and racial movement at a time when 
distributions are beginning to assume definition over relatively wide 
areas. The interpretation of the data of a more restricted field, 
which admits of intensive study in relation to geographical con¬ 
ditions, is essayed in two recent studies in regional archeeology 
in the eastern parts of England. Of these, one is Dr. Cyril Fox’s 
presidential address for 1933 to the Prehistoric Society of East 
Anglia {Proceedings, vol. VII, Pt. II), in which he deals with the 
distribution of prehistoric man in East Anglia between 2300 B.o. 
and A.D. 50. Postulating that soil is the chief factor in determining 
man’s distribution, he shows that pervious soils, inducing an open 
type of eountry, favour the pastoral life and a scratch agriculture ; 
wWle the heavier clay soils carrying forest with a dense imder- 
growth, are difficult to clear, and when cleared, difficult for primitive 
implements to cultivate. Another deterrent to human settlement, 
important in East Anglia, is a water-laden soil, such as that of the 
fens. Taking East Angba as the country lying between the Wash 
and the Thames and bounded on the west by the line of 0-60 long, 
which includes the southern fens and the basin of the Lea, Dr. 
Fox shows that in this area the major factor is the plateau stretch¬ 
ing m a curve parallel to the east and north-east coast, which is 
at its broadest and highest in the southern half of the region, and 
is linked in the south-west to the Chiltems. This forms the water¬ 
shed of the whole area. Without attempting to follow Dr. Fox 
in detail it may be said that he demonstrates by distribution maps 
that settlement falls into six periods, extending from the “ Axe 
Ago ” to Early Iron Age II. He shows further that the culture 
of each has a characteristic distribution, which can be related to 
the character of the soil. Thus in the “ Axe Age ” the areas of 
densest occupation are within the inner curve of the clay-covered 
watershed, and in the Thames lower valley and estuary. There 
is in fact in this period a close relation between distribution pattern 
and river valley, especially in the uplands. Even more interesting, 
however, is the distribution of the Bronze Age and its subdivisions 
in which the culture pattern distinguishes the intrusion of invaders 
and traders. In the later phases it is to be noted how the evidence, 
when submitted to Dr. Fox’s analysis, points unmistakably to the 
utilisation of tho heavier and more difficult lands as a more advanced 
tribal culture intrudes into, or is developed, in the area. 

The first part of a study of the prehistoric arohesology of Lincoln- 
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shire on similar lines, by Mr. C. W. Phillips appears in The Archceo- 
logkal Journal, vol. X(\ Pt. 1. Here the dominating features in 
the lie of the country are the Wolds, the oolite rid^ known as 
Lincoln Edge, which running north and south half-way down the 
county is pierced at Lincoln Gap by the River Whitham, and 
two low-lying areas in the Fenland of the southern part of the 
county and the Isle of Axeholme on the west side of the Trent 
near its outfall to the Humber. The county is especially note¬ 
worthy as including within its boundaries at Risby Warren what 
is regarded as the type station of Groat Britain for the Tardenoisian 
industry. The features previously noted in the cultural distribu¬ 
tions in East Anglia, are repeated, in the occupation of the higher 
or more easily worked lands in the neolithic period and the gradual 
transfer of settlement, esjiecially along the line of Lincoln Edge, 
to the heavier and more difficult if more productive lands in the 
later pcriwls. That part of the record of the survey now published 
includes what has been one of the great archseological surprises 
of recent times within the county Iwundaries This is the discovery 
of nine, or ten, long barrows on the Wolds, of which the existence 
was not known before this survey was made Partial excavation 
of the Giants’ Hills long barrow, Skendleby, has demonstrated that 
the builders were Windmill Hill folk and that Beaker folk arrived 
on the spot and lived m the ditch quite early in the history of 
its silting. 



- NOTES 

The Hawke’s Bay (N.Z.) Earthquake of February 3, 1931 
(G. W. T.) 

New Zealand ia one of the recognised seismic regions of the 
earth, but until recently it had not suffered serious loss of life or 
damage to property through earthquakes. Severe earthquakes 
took place in 1848, 1855, 1901, but they occurred at times and in 
localities where the chances of serious destructive effects were 
small. The Buller Earthquake of 1929, whitih occurred in a sparsely- 
populated region, nevertheless cost seventeen lives and awakened 
New Zealanders to the possibilities of widespread disaster should 
the tremors occur in a populated area. These fears were unhappily 
realised by the world-shaking earthquake of February 3, 1931, 
which was centred on Hawke’s Bay off the eastern coast of North 
Island in close proximity to the important towns of Napier and 
Hastings, and occurred at the unfortunate time of 11 a.m. when 
many people were in the streets and shops, business premises were 
full, and children were in school. It is therefore even a matter 
for surprise that the death-roll amounted only to 260 considering 
the magnitude of the shock. The damage to property, however, 
which was greatly increased by the fires that swept the devastated 
areas, is officially estimated at £2,500,000, although the total losses 
must have been much greater than this sum which merely represents 
the insured loss. 'Tliese effects, although much smaller than those 
of some of the great earthquakes of the densely populated regions 
of Japan, China, and India, were without parallel in New Zealand, 
and constituted the greatest human disaster that the Dominion 
had experienced. 

A comprehensive report on the Hawke’s Bay Earthquake has 
been published as a special number of the New Zealand Journal 
of Science and Technology (XV, No 1, July 1933, 116 pp.), in wliich 
practically every aspect of the disaster has lieeii discussed by a 
group of writers. 'This includes a General Description, by F. R. 
Callaghan (33 pp.); and papers on Geological Aspects, by J. Hender¬ 
son (37 pp.); Effects of Earthquake on Coast-Line, by 1’. Marshall 
(13 pp.); Seismologioal Report, by C. E. Adams, M. A. F. Barnett, 
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and R. C. Hayea (15 pp.); Damage to Buildings, by A. Brodie and 
A. G. Harris (8 pp.). 

There is no need to recount here the gruesome details of this 
earthquake, but it is heartening to be able to record that while the 
people were still dazed and stunned by the paralysing suddenness 
of the shock, amidst the choking clouds of dust, and when great 
fires begun to rage over the stricken toums, there was no panic and 
the work of rescue was begun at once by the citizens, aided 
hours after the disaster by bluejackets from H.M S. Veronie.a, and 
an emergency committee was constituted and was actively at work 
at7.30a.m on the succeeding day. Mr. Callaghan’s report describes 
the shock in the princ.ipal towns affected, the rescue measures, the 
outside assistanc'e (which ultimately became embarrassingly pro¬ 
fuse), the effects of the earthquake on communications and public 
services, the emergency organisation that was set up, and the 
history of restoration and permanent rehabiUtation of the devastated 
region. It is illustrated by effective photographs of Napier before 
and just after the catastrophe, and of a portion of the town in its 
ruinous condition compared with the same area after rebuilding. 

In the next section Mr. J. Henderson, Director of the Geological 
Survey, deals with the geological asjxictB of the earthquake. He 
outlines the general geology of the Hawke's Bay area, and shows 
its relation to the great moving oarthfold which forms the eastern 
border of North Island and constitutes the real margin of the South 
Pacific basin. A sub-oceanic ridge connects New Zealand with the 
Tonga Islands 1,600 miles to the north-east and. closely hugging 
the south-eastern side of this ridge, is a deep and narrow trough 
which includes the Tonga and Kermadec deeps, both descending 
more than 30,000 feet below sea-level. The conformation of this 
double structure in plan and in profile is such that aU geologists 
regard it as a large asymmetrical earthfold. The repeated move¬ 
ment of this fold to the south-east finds expression in seismic and 
volcanic phenomena along its w’hole length, and leads to the view 
that a new mountain range is in process of formation. 

The eastern part of North Island is built of the crest and eastern 
flank of an enormous asymmetrical geanticline consisting of rooks 
ranging in time from late Palaeozoic to Mesozoic. These are covered 
by 40,000 feet of Miocene and Pliocene sediments which are them¬ 
selves strongly faulted but not severely folded. 

The present mountains of New Zealand were uplifted during 
the Pliocene and are thought to have been raised by pressure due 
to the subsidence of the earth segment flooring the ^uth Pacific 
Ocean. This force is still in operation and, distributed by in- 
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numerable minor cruetal adjustments, permeates the whole of the 
New Zealand geanticline. The Hawke’s Bay region intervenes 
between the actively rising and subsiding sectors. The deep-seated 
rocks opposing the fon* from the subsiding Pacific sector are more 
or less held by the New Zealand mountains, whereas those under¬ 
lying the Hawke’s Bay region are more free to move upward when 
the accumulating energy able to overcome gravity and friction. 

Mr. Henderson makes a penetrating analysis of the mechanism 
of movement of the earth block which caused the Hawke’s Bay 
Earthquake, and shows the resemblance of the phenomena tt) those 
which have been produced by similar forces in artificial sediments 
by T. A. Link. Mr Henderson also describes the surface geological 
effects of the earthquake, the uplifts and depressions, fissures, 
shears, and swellings which were caused by the movements of an 
earth-block 60 miles long by 10 miles wide Re-levelling data 
show that this block was tilted gently and uniformly towards the 
north-west. 

Mr. S. W. S. Strong briefly describes the uplift of Sponge Bay, 
Gisborne, and the Hangaroa mud blow-out; and Dr. P. Marshall, 
at greater length, describes the striking effects of the earthquake 
on the coast-line near Napier Landslides from the cliffs, and 
changes both in the outlines of the coast and in depths of water, 
were extraordinarily abundant, 6,600 acres of new land were added 
to the coast by the uplift of a lagoon near Napier (states a later 
account), and this land has been divided into 300 fanns which have 
been allotted to unemployed married men. 

The first part of the Seismological Report deals with the relation 
of the seismology of New Zealand to that of the eastern Pacific, 
the general seismology of the Dominion, past seismic activity in 
the Hawke’s Bay region, and the foreshocks of the February 1931 
earthquake. Part II gives the seismic data for the main earthquake 
and aftershocks. The distribution of seismic intensity is shown 
by a map of the isoseismals. The lines are arranged in the form 
of concentric ellipses elongated in a N.E. to S.W. direction with the 
axis i>aBsing through Hawke’s Bay. Intensity X on the Rossi- 
Forel scale was reached in a small area around Napier and Hastings. 
The isoseismal of intensity II is drawn near Auckland in North 
Island, but not at all in South Island; isoseismals III and IV, how¬ 
ever, run near Christchurch in South Island. While in North 
Island the isoseismals are comparatively regular, they become dis¬ 
turbed and irregular near Wellington, and are markedly convoluted 
in South Island. The earthquake was felt at a maximum distance 
of about 460 mUes fiY>m its epicentre. 



NOTES 


143 


From the seismographic records the epicentre appears to be 
situated near the coast-line of Hawke’s Bay from 6 to 15 miles north 
of Napier, the geographical position adopted being Lat. 39° 20' S. ; 
Long. 177° 0' E., which is congruent with the geological evidence. 
The focal depth of the main shock was probably between 10 and 16 
miles, which agrees with the estimated values for focal depth of 
the numerous aftershocks. 

The hnal section of the Report summarises the damage done to 
the principal types of buildings m Napier and Hastings. Many 
noses of damage to all types were undoubtedly due to the nature 
of the foundations, especially where the subsoil was sUty and suffered 
considerable earth-movement. In general, solidly constructed 
wootlen buildings stood the shock w’ell, but were, of course, specially 
liable to damage from fire. The larger brick buildings faded badly 
and their general design was at fault. Heavy concrete ceilings, 
tiled roofs, and massive ornamental fronts bad bad wrecking effects 
under the racking stresses of the earthquake movement, although 
in some cases poor mortar and consequent disintegration of brick 
walls was the chief cause of failure. That type of construction 
with reinforced concrete or steel frames proved most successful 
in resisting the earthquake. 

The conclusion is arrived at that the main loss of life and property 
was directly due to obvious errors in design and construction of 
some of the buildings. A Buildings Regidation Committee was 
therefore set up by the Now Zealand Government to make a thorough 
investigation of building design and construction in view of the 
liability of the Dominion to destructive earthquake shocks. As a 
result of the Committee’s work a Building Construction Bill was 
introduced in the New Zealand Parliament in August 1931, and 
re-introduced in 1932. Unfortunately, however, it did not get 
beyond its first reading before Parliament adjourned. A leader 
article in the Press (Christchurch) of October 11, 1933, complains 
of continued delays in this very necessary legislation. It states 
that the Bill bsis been shelved session after session on one excuse 
or another, that nothing has been done to promote research into 
earthquake problems, and that, most unpardonably, buildings have 
been erected since February 1931 which do not embody any pre¬ 
cautions against earthquakes. 

Report of Indian Ajwociation for Cultivation of Science, 1932 

The Annual Report of the Indian Association for the Cultivation 
of Science for the year 1932 is published in the hidian Journal of 
Phyaica for December 1933. The Report deals with the researches 
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carried out under the auspices of the Association, and mentions in 
})articular work on the Raman effect. In this branch of physios 
Bhagavantam, prior to his appointment as Professor of Physics 
at Waltair, developed a special technique for the study of the effect 
in gases under high pressures, and by special elimination of parasitic 
light he was able to study the intensities and states of polarisation 
of the Raman scattering 5f several gases. He showed that while 
the relative intensities and the state of polarisation of the various 
lines corresponding to rotational vibrations accompanying the 
Rayleigh scattering were in satisfactory agreement with existing 
theories, the ratio of the intensity of any Raman line to that of 
the Rayleigh, or unchanged line, was markedly different to that 
predicted by existing theories. To explain these discrepancies, 
the suggestion that the photon has an intrinsic spin of one unit, 
h,j2.n, has been made. 

In the case of the Raman light from hydrogen, the fine structure 
was studied in the case of the vibrational line, which consists 
of well separated components Work on the Raman spectrum of 
methane shows the absence of rotational lines which would theo¬ 
retically be expected. Experiments were also carried out on the 
magnetic double refraction of aqueous solutions of sodium clilorate 
and sodium broraate, where results in agreement with the known 
structure of the chlorate and bromate ions were obtained. 

The structure of diphenyl crystals was examined by Dhar, who 
found that the benzene rings in the molecule have a plane hexagonal 
structure, that the two rings of the molecule are in the same plane 
and that the carbon atoms in the fiositions 4, 1, 1' and 4' are in 
a line. 

Chlorinated Rubber (M. S.) 

Chemical research has provided industry with a remarkable 
derivative of chlorine in the form of chlorinated rubber. This 
product has proved useful as a constituent of varnishes, paints, 
and of plastic materials for coating surfaces in order to impart a 
resistance to corrosion ; for example it can be used for coating steel 
pipes and it is an efficient substitute for nitrocellulose for certain 
special purposes. Among advantages over raw rubber not only 
is there this high resistance but the additional fact that laiger 
proportions may be included in organic solvents without causing 
too high a viscosity for normal uses. A further favourable property 
which is to be expected from the chemical point of view is that the 
rubber has lost its high inflammability through chlorination ; while 
a second advantage also to be predicted from its chemical com- 
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position is the exceptional resistance towards chlorine gas and 
hypochlorites. The method of manufacture compares with the 
production of other addition and substitution comjyounds of chlorine 
and hydrocarboixs, for although the rubber molecule is complex 
and rubber is a solid, yet the chlorination is carried out with little 
difficulty in the presence of a solvent Uke carbon tetrachloride. 
There is first the formation of an addition product as in the case of 
any other hydrocarbon of an unsaturatod nature, and this is followed 
by a tendency for the chlorine to displace the hydrogen of the rubber 
molecule in the form of hydrogen chloride. It is this tendency to 
evolve hydrogen chloride gas which is so troublesome in practice, 
for the evolution goes on whenever the product is heated. By now 
the results of laboratory research are being used not only in im- 
pn)ving manufacturing operations but in applying the new substance 
in directions in which raw rubber is inadmissible owing to its in¬ 
flammability. The material is a yellow fibrous mass which dissolves 
in many organic solvents to give a clear colourless solution. A 
typical German product known as Tornesit has a chlorine content 
of 07*8 i>er cent, according to Fol and Bijl, although a value as 
high as 73 per cent, has been found in other industrial samples, 
this being due to the presence of carbon tetrachloride absorbed 
during manufacture. The above workers give the composition as 
approximating to CioHuCJl* when samples have been freed from 
this absorbed impurity, and they have found that on heating the 
material to 130'^ 0, in an inert gas there is evolved a distillate of 
hydrogen chloride and carbon tetracldoride in the case t)f industrial 
samples, the loss at this point being approximately 8*0 per cent. ; 
but at 25^ C. there is considerable decom{X)8ition witli an evolution 
of as much as 46*3 per cent, of hydrogen chloride. All products 
from Germany and those prepared in this country are very stable 
towards acids and alkalis, while prolonged exi>osure to boilmg 
water causes little loss in chlorine content, 0. Merz reporting that 
this loss is never greater than 0*27 per cent, for any sample. Dr. 
W. Krumbliaar, Director of the Institute for Vaniish Research in 
Berlin, maintains that no form of chlorinated rubber is completely 
stable towards ultra-violet light nor even towards the light of an 
ordinary incandescent lamp. There has been some conflicting 
statements concerning the properties of the material which deter¬ 
mine its use in varmshes and paints, but in many of such statements 
the presence or absence of any plasticising agent has not been indi¬ 
cated. Since it has been shown that the inclusion of such plasticising 
agents as tricresyl phosphate improves the elasticity of surfaces 
or coatings, there is room for further researcli on this interesting 

h 
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compound of chlorine. Two examples of the manner in which 
originality is being shown are (1) the use of scrap vulcanised rubber 
as raw material, it being claimed that chlorine displaces sulphur 
during preparation ; and (2) the rendering of rubber surfaces more 
resistant towards oxidising agents and oils by simple chlorination 
of the rubber surface. 

Miscellanea 

The following list contains the names of those recommended by 
the Council of the Royal Society for election to the fellowship of 
the Society : Mr. A. S. Besioovitch, Cayley lecturer m mathematics, 
University of Cambridge ; Prof. W. E. Curtis, pnjfessor of physics, 
Armstrong College, Newcastle-on-Tyne ; Dr. L. L Fermor, director 
of the Geological Survey of India; Dr. P. Fildes, bacteriologist, 
London Hospital; Dr. R. T. Grant, lecturer m cardiac pathology. 
University College Hospital Medical School, London ; Mr. M. A. C. 
Hinton, deputy keeper of zoology, British Museum (Natural His¬ 
tory) ; Dr. E. L. Hirst, senior lecturer in organic chemistry, Uni¬ 
versity of Birmingham; Dr. E L. Kennaway, director of the 
research laboratory, Cancer Hospital, London; Mr. A. G. M. 
Mitchell, consulting engineer, Melbourne; Prof. W. A. Parks, 
professor of geology, University of Toronto; Prof. H. Raistrick, 
professor of biochemistry. University of London ; Prof. A. O. 
Rankine, professor of physics. Imperial (Dollege of Science, Uni¬ 
versity of London ; Lieut.-Col. R. B. Seymour Sewell, lately director 
of the Zoological Survey, India; Prof. S. Sugden, professor of 
physical chemistry, Birkbeck Ckillege, University of London ; Mr. 
W. Taylor, managing director of Messrs. Taylor, Taylor, and Hobson, 
Ltd.; Dr. H. Hamshaw Thomas, lecturer in botany. University 
of Cambridge ; Rev. A. Young, mathematician, rector of Birdbrook, 
Essex. 

H.M. the King has consented to accept the Bessemer gold medal 
of the Iron and Steel Institute of which he has been Patron since 
his accession. He has approved the award of the Founder’s medal 
of the Royal Geographical Society to Mr. Hugh Ruttledge for his 
journeys in the Himalayas and his leadership of the Mount 
Everest Expedition, 1933, and of the Patron’s medal to Capt. 
Ejnar Mikkelsen for his explorations and work in the Arctic. 

The Murchison grant has been awarded by the Council of the 
Society to Mr. J. Rymill for his recent exploration in Greenland and 
the leadership of the expedition after the death of Mr. H. G. 
Watkins. 
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Sir Henry Wellcome haa been awarded the Croix de Chevalier 
of the Legion of Honour by the President of the French Republic. 

The Neill prize of the Royal Society of Edinburgh for the period 
1931-33 has been awarded U) Dr. C. W. T 5 Treli for his work on the 
geology and jKJtrology of subarctic and subantarctic lands. 

Prtjf. H. C. Urey of Columbia University has been awarded the 
Willard Cibbs medal of the American Chemical Society for his 
disiiovery of heavy water, and the Chemical Society of Washington 
has awarded the Hillebrand prize for 1933 to the late Dr. Edward 
Washburn for his discovery of the first method for separating the 
isotopes of hydrogen. 

Sir Arthur Smith W’oodward has been elected president of the 
PalaMmtographical Society , Sir Sidney Harmer president of the 
Ray Society ; Mr. J Milton Offord president of the Quekett Club ; 
Mr. J. F. N. Green president of the Geological Society ; Mr. Edwin 
Thompson president of the Society of Chemical Industry ; Mr. J. 
Evans president of the Society of Public Analysts ; Dr. Janet 
Matthews chairman of the Microcheraical Club; Sir Henry Lyons 
president of the Institute of Physics ; the Rt. Hon. Lord Rayleigh 
president of the Physical Society and Prof F. J. M. Stratton president 
of the Royal Astronomical Society. 

We regret to have to record the announcements of the death 
of the following well-known scientific men during the past quarter ; 
William Harlow, F.R.S., crystallographer; Dr. F. A. Bather, 
F.R.S., one-time keeper of the Geological Museum ; Dr. J. M. Bell, 
director of the Geological Survey of New Zealand ; l*rof D Black, 
F.R.S., of Poking ; Mr. C. E. Borchgrevink, Antarctic explorer; 
I’rof. R. Chodat, botanist of Geneva ; Sir George Duckworth, one¬ 
time secretary of the Royal Commission on Historical Monuments ; 
Dr. F. Ibbotson, meuallurgist of Sheffield University; Prof. A. B. 
Maimllum, F.R.S., professor of biochemistry in MoGiU University ; 
Prof. C. Matignon, professor of chemistry in the College de Fram« ; 
Sir Thomas Muir, C.M.G., F.R.S., mathematician; O. von Muller, 
president of the Deutsches Museum at Munich ; Sir Max Muspratt, 
industrial chemist; l*rof. Sven Od6n of Uppsala ; Prof. S. F. Olden¬ 
burg, permanent secretary of the Russian Academy of Sciences; 
John Power of the Cape Observatory; Dr. Walter Rosenhain, 
F.R.S., metallurgist; Prof. A. Trowbridge of Princeton University ; 
l*rof. S. H. Vines, F.R.S., until 1919 Sherardian professor of botany 
in the University of Oxford; Dr. E. W. Washburn, cliief chemist 
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of the U.S. Bureau of Standards ; Mr. W. G. WhiflFen, an original 
fellow of the Institute of Chemistry. 

The preliminary programme of the arrangements for the meeting 
of the British Association at Aberdeen during the week September 
5-12 includes the titles of many of the presidential addresses and 
the subjects for the chief'discussions. Prof. H. M. Macdonald will 
address Section A on “ Theories of Light ” and the subjects to be 
discussed include the ionosphere, celestial sjiectropliotoraetry, the 
structure of alloys and photo-electric cells. Prof. T. M Lowry 
(Section B), has chosen “ Physical methods in Chemistry ” as the 
subject of his address ; Prof. W T Gordon will speak on “ Plant 
life and the philosophy of geology ” (Section C) and Dr. E. S. Russell 
will deal with “ The study of behaviour.” The usual excursions 
will be arranged—the majority to places of geological, historical 
or 8c*enic interest. 

The Academic Assistance Council has circulated an appeal signed 
by the Vice-Chancellors of nine universities on behalf of the thousand 
and more scientists and scholars who have been dismissed from their 
posts in Germany on grounds of religion, political opinion, or race. 
It is stated that the funds at the disposal of the Council are exhausted 
and that £25,000 will be required each year for two years to continue 
the maintenance grants and to contribute to “a final and con¬ 
structive solution ” of the problem. This appeal will be considered 
with active sympathy by all concerned to see scholarship in distress 
and academic freedom endangered, but there is an aspect of the 
matter which is perhajis treated in too little detail. “ It is expected 
that, as the quality and academic distinction of the scholars becomes 
known during the next two years, permanent places will be found 
for them ” “in countries which will welcome their services ’’ and 
with this end in view “ academic committees in many countries 
. . . are now engaged in a systematic investigation of o^ienirgs 
throughout the world.” It is unfortunate that the Council does 
not enlarge a little on the nature of these “ openings ” and give an 
assurance that no hardship shall be imposed on the nationals of 
the countries providing them. The plight of the German scholars 
is at once real and spectacular ; the Council is faced with the need 
to provide a remedy which does not produce hardship equally real 
but less obvious and therefore less likely to attract helpful sympathy. 

Two memorials to Richard Trevithick, a pioneer of the rail 
loofimotive and the high-pressure steam engine, were unveiled 
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during April. One, a monument at Pontmorlais, Merthyr Tydfil, 
is built of some of the stone sleepers used for the track from the 
Pen-y-darran Iron Works to Abercynon on which his first rail 
locomotive ran in February 1804. The other is a large bronze 
tablet let into the wall of the Giower Street face of the Engineering 
Department at University College, London, near the site of the 
(sircular tracks which Trevithick laid down to demonstrate his eight- 
ton locomotive Catch-mo-who-can in 1808. The exact location of 
these tracks is uncertain. The first was probably situated near the 
comer of Cower Place and Endsleigh Gardens, but the ground there 
was soft and the track sank into it. (St. Pancras Parish Map for 
1795 shows a stream running through this area with a deep loop 
down what is now Gordon Street.) Another track was then built 
farther south on the Bedford estate. Incidentally the site occupied 
by the (College was known as the Homefield in 1795 and, in 1812, 
as Mortimer’s Plot at which time the area now covered by Maple’s 
etmtained a great number of small dwellings arranged in rows leading 
oflf Tottenham Court Road and was not improbably a slum. 

In two letters to Nature (March 3, May 5), Dr. Aston summarises 
his latest work with the mass spectrograph. It appears that the 
only common elements which still resist analysis are palladium, 
iridium, platinum and gold. Hafnium appears to have five 
isotopes—176 (weak), 177, 178, 179, 180; thorium one—232 ; 
rhodium one—103, calcium—40, 42, 43 (both weak), 44 and possibly 
41, titanium five—46, 47, 48, 49, 50 , samarium—144, 150 (and 
IXttwibly others), zirconium—91, 96 at least; dysprosium—161, 
162, 163, 164; holmium—165; erbium—166, 167, 168, 170; 
thulium—169; ytterbium—171, 172, 174, 176; lutecium—175. 

The February number of the Journal of the Royal Horticultural 
Society contains a paper by Dr. Tmcker on the use of sodium chlorate 
for killing weeds. It has the advantage that it becomes harmless 
about seven months after application and it is, at the same time, 
very effective if used in water solution of the following strengths 
at the rate of 1 gallon for ten square yards : —large grasses and docks 
10 per cent. (i.«. 1 lb. per gallon), herbaceous weeds and small grasses 
6 per cent., small annual weeds 2 5 per cent. 

The Report of the National Physical Ixihoratory for the year 1933, 
published on May 7 (H.M. Stationery Office, 13«. net) is a com¬ 
prehensive volume of some 260 quarto pages describing in sufficient 
detail the multifarious labours of a staff exceeding 600 persons. 
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The routine test work showed a satisfactory increase in most depart¬ 
ments after the somewhat heavy fall in 1932, and over 677,000 
clinical thermometers were tested in the heat laboratory, the highest 
figure since 1922 The number of watches submitted for test fell 
from 290 in 1932 to 207, but a dock watch made by Ix)Uis Brandt 
et Fr(*re, Omega Watch Co., Geneva, created a new record by gaining 
97-4 marks. Details of the performance of the best fifty watches 
is given and it is notew^orthy that the first forty-nmo were made 
on the C/ontinont and had Guillaume balances ; the fiftieth, made 
by V. KuUberg of London, had a brass-steel balance wheel and 
gained 91 5 marks. Work on the wave-length of th(‘ re<l cadmium 
line proceeded under the direction of Mr. J. K Sears and the 
mean value obtamed was 6440 2610 A in vaaw, or 6438 4711 A 
in dry carbon dioxide-free air at C. This measurement has 
now been made by four groups of observers * in 1896 by Michelson 
and Benoit, in 1906-6 by Benoit, Fabry and Perot, in 1927 by 
Watanabo and Imaizumi and in 1933 by Sears and Barrell, and the 
extreme difference in their results is only 0*0021 A. Work on the 
International Temiierature Scale show^ed that the effect of 
pressure on the boiling point of water is not known writh sufficient 
accuracy, the present data being disconlant to the extent of 
several thousandths of a degree. Experiments with platinum, 
platinum-10% rhodium thermocouples show that teraperatures 
within the 660^ 0.-1,063'^ C. range can be reproduced in 
different laboratories to within O l'^C. Above 1,063® C. the optical 
pyrometer is used and a new determination of the freezing-fxiint of 
platinum gave 1,773*3® C., in excellent agreement with the value 
1,773 5® C. obtained in 1931 at the Bureau of Standards. Turning 
to another aspect of thermometric work, it has been observed that 
the freezing-point of milk (— 0 *65® C.) is constant to wdthin two or 
three hundredths of a degree whether the milk is rich or poor in 
quality, so that a determination of the freezing-point may be used 
as a convenient test of adulteration. 

The photo-electric photometers proved very satisfiictory in use 
and all commercial measurements of luminous flux in 1933 were 
made wdth them ; for precision work they proved equally satis- 
factoiy provided that, in heterochromatic photometry, precautions 
are taken to avoid (or allow for) a PurkynS effect in the photo-oell. 

Investigation of the structure of magnet steels indicated that 
high coercive torce is associated with considerable internal strain, 
whilst low hysteresis Joss accompanies the strain-free condition. 
The use of coal-gas for the propulsion of heavy road vehicles having 
become an established practice, tests were made on the nickel- 



N0TB8 


151 

chroauum-molybdenum steel cylinders used to carry the gas to 
determine a suitable specification for Home Office regulations. 
Pressures up to 3,000 lb. wt. per sq. in. are used and no data for 
the safe “ life ” of the cylinders are yet available. A research in 
the metallurgical department dealt with the composition and prep¬ 
aration of dental amalgams. These consist of various proportions 
of silver, tin, copper, zinc and mercury, and the best amalgam is 
one which expand very slightly (e g. four ten-thousandths of an 
inch) in the first few hours after filling and thereafter remains in¬ 
variable in size. The results show that the relative amounts of 
the constituents of the amalgam are less important than the way 
in which they are mixed 

I'he preceding paragraphs deal with only a very minute fraction 
of the work carried out in the Laboratory but they may suffice to 
show that this work does not lack variety or importance whether 
judged from the viowixiint of the ordinary citizen or of the 
theoretical physicist. 

We have receivoil a copy of the Second Supplement to the Cala- 
logm of Ijettm’e Medical and Scientific Lending Library which covers 
the additions to the library during the period 1931-3 (Lewis’s 
Lending Library, 13fi. Ciower Street, W.C.l, 2«. net or Is net to 
subscribers). It contains about 2,700 entries arranged under 
authors’ names together with an index of subjects under each of 
which appears the names of the authors who have written ujion 
it. The list of liooks is very comprehensive and contains every 
book for which we looked to chock its scope. 
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MATHEMATICS 

The Distribution of Prime Ntimbers. By A. K Inuham» M A. [Pp. 
vii 4- 114, witli 4 %iire8.] (Cambridge . at the Uiiivornity Pn^88, 1932. 
Is, M net.) 

This book is No. 30 of the Cambndgt' Tra<!t8 in Matlu'maticH and Mathe- 
mutical Pliysica and xh ementially a comfwmion 1o Prof(^3r Titrchmarwh’s 
'rhe Zeta-fun^ton of Rurnrwn in the wime Beru^. Although publiHluHl fimt, 
the latter ih logically' a He(|iiel to the book under review. The two booka, 
both written by auihorR with many valuable rewult^ in tliiH field to their 
credit, will prove invaluable to thoHo intercst^'d in this imjKirtant arul attrac¬ 
tive branch of the analytic theory of nurnb<>rH. 

Tlu' first chaph’r of l^lr. Ingham's hook contams an account of the 
“ elementary ** theory of the distribution of pnrnt's, that is, thorn* tluHin^ms 
which can be proved without resource to the theory of functions of a complex 
variable In the next chapU^r, the Hiemaxm zeta-function is introduce<l and 
the Prime Number Theorem is proved. The remainder of the took eontams 
the “ classical ” theory of the zfda-function and those theorems concerning 
primes which may to deduced from it. 

E. M. W. 

Inveraive Geometry. By Frank MoKi.Ey, M A., Sc.D., and F. V. 

Moiiley, D Phil. [Pp. XII 4- 273, with 67 figuriss.] (tondon : O. 

Bell & Sons, Ltd , 1933. 16«. net.) 

This introduction to algebraic geometry lays special emphasis on the operation 
of inversion. It is an attempt to treat fairly elementary subject-matter 
from the standpoint of modem geometry, thus providing a suitable pre- 
hmmary to the study of the work of contemjriorary geometers. The authors 
“ believe that the tradition that simple geometric and mechanical <piestions 
are to bf^ handled only as Euclid or Descartes might liave handled thf»m 
18 very harnixiring; that the ideas of Kiomann, Poincar6, Klein and others 
have pleasant reverberations m the mvestigation of olomeutary que^stions 
by students of proper maturity and leisure,” 

The impression produced by the book is that of an interesting exiierimeni. 
Too little attention has Inmi paid m the past to the task of presenting rncKiom 
ideas in mathematics in an elementary fonn, and applying th<^e idf>a« to 
the simplest types of problems. The book can to recommond<*d to non¬ 
experts anxious t-o obtain a fairly clear idea of the standpoint and principles 
of present-day work in geometry. 
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BCaUMNDomtical Tables. Vol. in. Minimum Decompoeitiona into 
Fifth Powers. [Pp. vi 4* 368.] (London : Bntwh AB»ociation 
for the Advanoemont of Science, 1933. 10«. net.) 

This volume m the outcome of a boqiioat from Lieut.-Col. A. J. C Cunningham 
to assist in the production of tables conmnited with the theory of numbers. 
The calculations werc^ carried out by Prof. Dickson and his assistants at 
Chicago. 

The tables give the “ minimum decomposition ” of n into fifth powers 
for n 300,000, that is, the Ic^ast value of 8 such that 

n - mj* -f m,® -f . . . 4 m/, 

where n, m,, .... m, an^ positive mtogers Up to 150,000 the values 
of the m’s for one such rnmiimmi diH'omposition are indicated. For example, 
opposite to the nunilK^r 1606 ajipt'ars the ahhnmation 3 2 1 for a decom- 
jiosition 3*2® 4 2-3* f 1*4® of 1606 mU) fewest fiftli |M)wers. The mimmuin 
3.4 241 ^6 IS n<»t printiMl, hut in its pla<*e aiipfuirs the minimum 17 for 
the largest nmnber 1617 pr<*<‘oding the next tahulatfsl number 1618. Mini¬ 
mum d€K»omposittons of the omitt<M:l numbers 1607, . . ,1617 are found by 

adding 1, 2, . 11 onr^s to the tahii]nt 4 Hi tninimum dec«Jin}K>sition of 1606 

The work was much short^med by a motlusi by the author by 

which it IS possible to deU^nnino a ininiinuni decomposition without a know¬ 
ledge of other d('CornfK>sitions 

The nuinbc^r 223 is a sum of 37 fifth t>ower«, but of no smalliT number. 
The last numbc»r found r<H|uiring 32 or more' is 466. After 466 occur no 
peaks gwiater than 28. After 101,263 there an> no is'aks greater than or 
equal to 16. This indleHt<^s the rapid diHirtMisi^ of the luimls'r of powers 
required as n mcrt*a»i''8 For t he results obtaimxl for all numbers the reader 
IS ri'forred to the “ Notes on Rewnt Advances m Pure. Mat!u*matics ” in this 
munbor. 

E. M. W. 


ilSTHONOMY 

The Unlveme Around U». By Sir James Jeans, M.A , D Sc , Sc D , 
LL.D., F.R.S. (Pp, X 4 380. with 30 plates and 23 ftgun^ ] (Cam¬ 
bridge : at the University Proas, 1933. 12«. 6d net.) 

Tins is the third edition of a book which, when first published, was very 
ifavinirably reviewed in those pages. Founded originally on lectures and 
wireless talks to audien ces wi^ no special scientific knowledge, it aimenl 
at giving a popular and intelligible account of the methods and results of 
modem astronomical research, with special refc^rtmoo to the problems of 
cosmogony, evolution, and the general structure of the umverse. Its success 
may be gauged from the foci that in the thirteen montlis after its first 
appearance in 1929 no less than 40,000 copies were sold and a new edition 
became necessary. Since then progress has been rapid both in atomic 
physios and in our knowledge of the cosmos, now thwinos Imving kc'pt pace 
with and occasionally tended to outstrip the solid achievements of experi¬ 
ment and observation. Tlw^ author has taken advantiig<' of the issue of the 
present tliird edition to bring his book up to daU' oh (*oinpletely as jHJssible, 
and it has been extended by 28 pages and 6 new platens. Chadwick’s discovery 
of the neutron and the existenoe of the positron are connected with cosmic 
HRliation in providing evidence for the annihilation of matter in outer space. 
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The Buppoeition that the etars generate their energy by the Bpontaneoua 
annihilation of their Bubstance in fundamental to Jeana" theory of stellar 
evolution, and his “ liquid star ” hypotht^sis is naturally given prominence. 
It iH, however, frankly stated that this is controversial ground, and adequate 
roforonce, occasionally caustic, is made to the various rival theoruss. Sir 
James is admirably eqiupped for jiopular exposition, and he is not afraid 
on occasion to give a little rom to his imagination. Any reader at all inUmMsitcMl 
m the subject can be assured*of deriving both enjoyment and jirofit, 

R. W. W. 


METEOROLOGY 

The Drama of Weather. Hy Sir Napikh Shaw (Pp xiv 4 269, with 
frontispiece and 92 hgurtis.] (Cambridge : at thi' University Pn^ss, 
1933. 7^ 6d. not.) 

Two years ago Sir Napier Shaw completed the last of the four volumes of 
his magnum opus, the M€mual of Meteorology. The Manual is distinguished 
by insistence on the importance of an accurate knowledge of all available 
relevant observations as a prelude to theorizing and on the importance of 
diagrams m which statistics can be summanziHl and brought home to the 
reader : it is also distinguished by full treatment of the history of the subjiHit 
and by the skill of a master of tolling phraseology. Now we have kn^fore 
us The Drarrui of Weather^ a little book which may l>o regarded as the manual 
in brief; most of the illustrations are reproductions from the larger work. 
Thi^se include numerous channmg cloud studies os well as beautiful diagrams 
which will repay careful study. There is, however, a new jxiint of view, 
for the title is significant. The author does bring out analogies suggestexi 
by the drama, or by the allied subject of music. Amongst the chajiter 
hoaihngs we find “ The Watchers, what they siie and wiiat they say," “ The 
Score,” “ The Chorus, rhytlimic aspocta of the records.” The last chapter 
” The Weather Map presents the Play ” is divided into two sections, ” Bar¬ 
ometer solo, accompamed by wind and weathc^r,” and ” The Norwegian Duf5t 
for Polar and Tropical Air with Cyclonic Accompaniment.” In passing it 
may bo remarked that many readers will regret that the last section has not 
been amplified, especially those roiulers who are anxious to loom how to 
answer the (juestions ” Why did it ram yesterday ? ” and “ Will it rain to¬ 
morrow ? ” Their needs are met, however, by other books, such as Shaw’s 
own Forecasfing Wmther The latest edition of The Weather Map, writUin 
by J. 8. Dmee, gives a good idea of how those practical quest ions ore faoed 
at the Meteorological Office. 

At the end of the Drama of Weather is the Epilogue ” The Weather Map 
of the Future.” Sir Napier Shaw has msistfxl for a long while on the incom¬ 
plete view of the meteorological situation gamcxl by maps of pressure rcxluocxl 
to sea-level. Now he writes, ” So for the Weather Map of the future we nixxl 
something that does not require pressure to bo reduced, or in fact exaggerated, 
to sea-level, that uses actual temperatures and thinks of actual winds free 
from the impediments of the surface, where they came from, what made 
them and what is guiding them. The weather map of the future should 
have vertical cross sections as supplements to the ground plan. . . 

One must not mind if the dream is v€igue ; the wise prophet does not 
go into detail. It may be mentioned, however, that there are already enough 
observations available day by day to enable one to make tentative orowh 
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aoeltont of tlio aimospliiore over Europe up to a height of some 5 kilometres. 
At present the lleteorologieal Office includes in upper air supplement of 
the Daily Weather Report superimposed graphs of temperature as a function 
of height for several stations. To represent the same information by oross- 
sc^tions would be a simple matter, though the value of the diagrams would 
bo discounted owmg to the need for intorjx)lation. The diagrams would call 
attention to the absence of upper air observations over the sea. When 
funds are provided for daily upper air observations by aeroplane or by 
roilio-sondos over the Atlantic Sir Napier Shaw’s dream will come true. 

The Drama of Weather is by no moans a systematic textbook of meteor- 
^>k>gy, but the rootler is given a good idea of all the activities of meteorologists. 
He is invited to consider the pageantry of the sky, to glory in the beauty 
and the significanoo of the clouds ; he is reminded of the allusions to weather 
m the Bible; he is shown how instruments are used to record the sequence 
of weatht^r changes ; he is introduced to maps and diagrams which summarise 
the climate of a smgle place or of the whole globe and finally ho is mstructed 
in the interpretation of the daily we^athe^ map. The book is easy to read, 
with touches of humour herc^ and there. It should encourage many people 
to make a closer study of meteorology. 8ir Napier 8haw is to be heartily 
cTongratulated on benng able to carry through such an excellent piece of 
work m the eightieth year of his life. 

F. J. W. W. 


PHYSICS 

Theoretical Physics. By W. Wii^ok, F.R.8 . Vol. II; Electromag¬ 
netism and Optics, Mazwell-Lorentz. [Pp. xi + 315, with 78 
figures.] (London : Methuen Sc Co., Ltd., 1933. 18^. not ) 

This book fonns the second volume of Professor Wilson’s important treatise 
on theoretical physics and deals with electricity, magnetism and light. 
Tlioso readers who appreciate the vector notation which is used throughout 
the book will find it a very welcome addition to their sources of information ; 
and, possibly, many who do not ordinarily use that notation may be urged 
to acquire a taste for it by a little <liligont perusal of this tlioory of electricity 
and magnetism. It is abundantly clear that the author has devoUxi much 
time and thought to the elucidation of those points which students find 
difficult in the tluM>ry of the subject. This is most marked, for example, 
in the discussion of the relation between mass and energy and in tlie neat 
way in which the extension of Kin^hoiTB laws to circuits containing induct¬ 
ance and capacity is discussed. Bpecial attention is also given to MaxwelFs 
eloctromagnetio theory. 

The treatment of light is masterly, and sliows a thorough insight into 
optical problems. Inde^, this insight is so patent that it is regretted tliat 
the author has not expanded this portion of his treatise to give readers 
more benefit of his special knowltnige; perhaps he will do this in a later 
edition. The main fault to be fo\md in the production is the frequent 
occurrence of heavy typo references to equations distributed throughout the 
text. This the reviewer found somewhat trying; possibly this is purely 
a personal matter, and not likely to be a general cause f^or complaint. 

L. F. B. 
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Intermediate Magnetiem and Electricity. By J. E. Phuxips, M.A.» 
B,So. [Pp. XU -f 365, with 270 figureB.] (London: Christophers* 
1933. 6s. 6d.) 

Thk author gives a very good account of intermediate electricity and mag¬ 
netism more or less along the normal textbook lines. Presumably, the 
inclusion of the theory of the ballistic galvanometer, the theory of magnetic 
shells, the capillary electrometer, and descriptions of the determination of 
e/m and of is th<3 justification for the statement in the preface that 

“ in many parts the treatment is adequate for pass d(‘greo rtM^uirernimts.” 
Some of the figures need serious amendment, t.g. figures 1, 30, 179 and 
268 (6). 

L. F. B. 

Mass-Spectra and Isotopes. By F. W. Aston, Sc 1)., F.R S. fPp 
XU 4 248, with 8 plat^es and 43 figures ] (Loxulon • Edward Arnold 
& Co , 1933. 15tf. net ) 

It is v«‘ry pleasing to record tht‘ appe^arance of a new book on isotofK^s by 
Dr. Aston, for he still remains unchallenged in his Hupn'uiaey in this branch 
of physics and of ch(‘mi8try, and the oxjwunonterH who have n‘ally advaneoii 
our knowledges nf mass-spectra <*an still hi* counUMj on the fingers of one 
hand. So much new matenal has bcH^n coHock'd during the nine years which 
have elapse<l since the pubhcation of the w^cond edition of laotopett that a 
new b(X)k is very welcome. Actually, Maaa-Sptctra and Jaotopea caimot 
properly bo regardt^d os a third edition of laoiopca, so great has lHH?n the 
rno<lification m the treatment of the general theory* and so groat the elabora¬ 
tion of the results obtained by the mass-spectrograph in the now work. 

It 18 divided into four parts. Part I contains the historical survey of 
the subject, the details of the radioactive isotoix's, and a dt^scription of the 
first mass-spectrograph. Part U deals with the tochnuiue of the production 
and analysis of moss-spectra. Special attention is here paid to the precision 
mo€isuremont8 ma<ie with Aston’s second mass-sfiectrograph and the appar¬ 
atus of Costa and of Bainbndgo, and to the recent important work on the 
phokiine^try of mass-spectra. In Part III is given an account of the isotopic 
constitution of each element, t.f. a kmd of nuclear chemistry is here com- 
plett'ly set forth for the first time in a compact form. For convemenco 
the elements are examined m the order m which they occur m the groups 
in the periodic table, and there is given a most valuable collection of dato 
which must be of great interest to all who wish to follow the rapid develop¬ 
ment of the artificial transmutation of the elements. 

Part IV is concornt^d with the theoretical aspects of the <doctncal con¬ 
stitution of matter, more particularly with the bre^akdown of the additive 
laws of mass, and with the mtoresting relations exhibited by the elements 
and their isotopes. In this port. Dr. C. P. Snow contributes two chaptors 
on the isotope effect in molecular and in atomic spectra. It concludes with 
a chapter on the separation of isotopes, in which the only omission appears 
to be a reference to the possibility of separating the isotopes of lithium 
which is suggested by the work on the mobility of lithium ions in rart 3 gases. 
Tables of packing fractions and of isotopes and a periodic table of the elements 
aro given in three appendices. 

The book is very pleasant to road, and the generous way in which the 
author acknowledges the contributions made by other workers, at a time 
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when too many are occupied with olaima of priority and with kindred subjects, 
reminds the reviewer of the equally generous way in which Dr. Aston has 
in the past given advice and luarusd rare maU^nals to others in the Cavendish 
Laborator>\ The printing and lilustratiouB an^ all that could be desired-*— 
the slight flaw on page x almost escajios notice. 

L. F. B. 

A Text Book of Physics. By E. Okimhkhi^ Edited by R. Tomasohek, 
D.Phil , PnifesHor of Physics in the University of Marburg Vol. Ill : 
Electricity and Magnetism. AuthonziHi translation from the 
wn'^enth German edition by L. A. Woodwahd, B A.(Oxon.). Ph.D. 
(D'lpzig). fPp XIV “f 685, with a frontispuHje and many figures.] 
(London : Blackio & Son, Ltd., 1933. 25«. net.) Vol. IV : Optics. 
Authorized translation by Winifred M. Deans, M.A (Cantab.), 
B He (AIh'dI ). [Pp. xii -f 301, with 16 plates, I coloui*ed plate and 
numerous figures ] (London . Blackie Son, Ltd., 1933. 15^. net.) 

The third volume of this textbook is of honours standard on the dt)8criptive 
side of the subject, but falls considerably short of that level on the mathe» 
matical side. The matter and treatment are quite modem, many lecture 
ex{>erimcntH new, at least to the reviewer, are deecnltSHl and the illustrations 
art3 beyond iH^proach. 

The arrangement of the l>ook is fairly orthodox. Part 1 deals with 
electrostatics and magnetism, Part II with steady currents in solids, liquids 
and gases. Port III with varying cUHJtroinagnetic fields, iricludmg an ac^count 
of d>’namos and motors and of oscillatory circuits 

The descriptive tnmtrn«int of elei'trosiatics is admirable , and it is un¬ 
fortunate that the translator has not adapted the U^nmiiology t^ accord 
with standard English practice. Tlie term electric pri^ssure is not an oi^cept- 
able equivalent of ixit^'iitial diffenmce and statements such as “ The prt^sure 
in the elootrostatio field is indejiendent of the path ” (p. 30) should not 
have apjieami. liaUT in the book electromotive forc'c is regarde.d os being 
synonymous with fxitcntial difference and we an-* tokl (p 236) that the 
E.M.F. of a chromic' acid cell i« 1 8 volts on ofion circuit and 0 8 volt when 
the terminals am connected by a certain length of iron wir<' ’ The terms 
anode and cathoile are applied to the plates of on ac^cmnulator, electric^il 
conductivity is calhxi specific electrical conductivity and the words reamtivity 
and oapacitanci^ do not app<w. An example of lack of precision in staU)- 
ment occurs on p. 420 in the deiicription of the magnetic ixitontiomcU'r 
where wc road that “ The induced E.M.F. betwiwm tho k^ls of the iiiHtrumeiit 
IS given by the total change of flux through the coil." Incidentally this 
devices is attribiitod to Rogowski and Steinliaus. Dye {Ihct, App. PKys%cs, 
II, p. 467) attributes it to Ohattook in 1887 and gives rcferenct^s to the Gemian 
workers daU^d 1912. 

The weakneseoB referred to in tho preceding paragraph make Uie njviewer 
hesitate to recommend the book for student’s xxm and this m spib^ of the 
fact that it contains a more complete account of tho whole subject than 
any other known to him. It should be stated that the volt-sooond system 
of unita is employed so that, s.g. the capacity of a spherical condenser is 
given as farads. The term electrostatlo unit doc>s not appear except 

in one paragraph wherein the difference between the two systems is explained. 

Vol IV is of a standard appropriate to a m<Kleni pass degrtn^ and, like 
Vol. Ill, is distinguished for the excellence of much of tho descriptive matter. 
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About half the book ia devoted to various aiqpeote of geometrical optics; 
there is a good account of the aberrations of lenses and of the effeots of 
“ stops ’’ in optical instrunionts. Nine of the plat€»fl are mod for photo¬ 
graphs showing tht' passage of rays through lens systems and various offeote 
due to aberration. Other sections deal with dispersion, interference, the 
measurement of velocity, polarization, atmospheric phenomena and physio¬ 
logical optics. There are a few more or loss obvious errors (c.g., in fig. 20, 
p. 61, and m the statement that the parallel rays incident on a Fabry-P^rot 
6 talon, fig. 27, p. 194, must be coherent) and the sign convention employiKl 
is not, m the opinion of the reviewer, well chosen. Those, howevt^r, ar^i small 
matters and the book can bo recommendcHl for the vm^ of both teachers and 
students, the mort' especially as it treats of many matters often ignored in 
English textbooks of equivalent standard. 

Both volumes conclude with a few pages of exaniples (with answers) 
and with adequate indexes. The publishcTs’ shores m the production has 
been carried out with the technical perfection which past oxiX5nonce leo^is 
us to expect from them. 

D. O. W. 

Direct and Alternating Currente. By E. A. Loew. [Pp. xv 4 660, 
with 486 figures ] (New York and Ixindon : McGraw-Hill Book 
Company, Inc , 1933. 27s. net.) 

It 18 claimed that this book covers a short survey course m the theory of 
the electric circuit and tlie operating principles of electrical maehmes. In 
the prfsfaco th(^ author draws attention to his liifficulty m deciding, os a 
matter of policy, how far to go with pure theory and to what extent the 
theory should i>e Imkeil with applications m commercial machinery. Ho 
concludes that the laws and principles necessary to the understanding 
of the performance of most electric maelunes are few in numbf»r and 
that a good working knowledge of these principles con be gained without 
much difficulty. This statement indicates the type of book that the autlior 
has given us, a book wherein a number of important mathematical relations 
are quoted and used to explam the charactoristios of various electrical 
appliances without any indication being given of the origin of those ox* 
pressions. This is part.icularly noticeable in the early chapters. For 
example the expressions giving the magnetic force along the axis of a solenoid, 
the mechanical force on a conductor carrying a current in a magnetic field, 
the hfting force of an electromagnet, the energy loss duo to eddy-currents 
ail arrive on the scone without any explanation, a prootxiure which tends to 
give the reader a very superficial knowledge of the real essence of the prob¬ 
lems involved. It may be argued that the limitation of s|iaoe mak<^ im¬ 
possible the inclusion of a complete and reasoned aigument built up step 
by stop from basic ideas, but one cannot help feeling that a thorough treat¬ 
ment of fundamental principles should be the primary aim of any book of 
this kind. The author himself states that he favours the special emphasis 
of fundamental principles, but it is precisely in this respect that fie has laid 
himself open to the strongest criticism. Otherwise the book has muoli to 
recommend it, the treatment m the part dealing more particularly with 
various typos of machines both D.C, and A.C. being excellent, 

Tlie work is divided into two sections under the headings (i) direct 
currents and (ii) alternating currents. In the first section the reader is 
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introduced to D.C. oirouit theory, magnetism, electromagnotiam, electro¬ 
magnetic induction, oondcmsers, dynamo electric machinery, eliMjtrolytic 
conduction, storage batteries and D.C. distribution. In tlie second section 
A.C. circuit theory, trcuisfomierfl, induction motors. alUTOstors, synchronous 
motors and convertors, A C. commutator motors, A.C. transmission and 
distribution, switches and fuses, thermionic valves are all considered in 
turn. There are a large number of useful numerical examples scattered 
throughout the book and a spooiall 5 ' attractive feature is the chapter devoted 
to vector representation of A C. quantities. It is to be regretted that the 
symbols standardiscnl by the Int^'mational Electrotechnical Commission 
havi* not benm used throughout. Thus the symlx)! “ N ’* is employed for 
** turns inst4^ of “ T ” 

The book should find a us<?ful pla(‘<' among the many other contributions 
to this subject, but it con only ho rfMiommendtxl safely to those who already 
have a knowledge of elementary principles 

H M. Baelow. 

Network S 3 rxitheeie. By C. M Son Oxwebtz, E.E., Sc.M., Sc.D, [Pp. 
VI 4 267, with 67 figures and unnumlx?re<l diagrams m Appendix.] 
(London : Bailli^^re, Tindall & Cox, 1933. 23«. net.) 

On the subject of network analysis tht»ni are many scientific papers and 
books wherein specific examples ait^ taken and the electrical characteristics 
dcU'rmmed. For practical purpose's this is like putting the cart before the 
horse since the communications engineer almost mvanably has to design a 
network to fulfil certain given requinimcnts. In the book under review a 
gofieral fonn of network synthesis is developed. A considerable part of the 
work IS original, particularly that concerned with the four termmal network. 

The method of pit<eentation and the discussion of the results obtamed 
is a little diilicult to follow, t's|xH’ially if one is not very familiar with the 
mathematical dovic<^ employed, but tiie author has done his best to elucidate 
the argument by giving clear statements, and in some cases proofs, of essential 
theorems. The treatmc'nt is almost entirely mathematical. With the help 
of complex matrioos and determinants an astonishing degree of success lias 
bfx>n attained in the syntlu^is of networks presenting no small difficulty. 

In many cases the problem of finding cx|uivalent networks having a dif¬ 
ferent number of meshes has not yet IxMjn solvwi, but the author has suc¬ 
ceeded in giving solutions for certam sjiociflc mstanexjs. An appendix 
coutaming twmty-ninc numenoal examples each illustrating a }>arttcular 
application of the metliocl developed m the mam jiart. of the treatise gives 
valuable instruction from the practical jKimt of view. 

The oommumcations engiaiH^r settmg out to ilesign on electric filter- 
circuit, an amplitude-oorrective network or a pliase-coireotive network will 
find much usoful information, but there are links m the process of arriving 
at a solution that, in all probability, he will find very difficult to interpret 
practically. 

Information in a particular fonn is required regarding tiie admittance 
ttud inipedatioe quantities and this cannot always be reaihly obtained. To 
make full use of the book a specialised mathematical kiuiwledgo is essential. 
An excellent bibliography covering the most important works on this and 
allied subjects is included at the end. 


H. M. Bablow. 
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CHEMISTRY 

A Textbook of Elementary Qualitative Anal 3 raia. By Caxl J. 
Engeldeb, Ph.I). [Pp. viii f 243.] (New York : John Wiley & 
Sons, Tnc ; London : Chapnxan &> Hall, Ltd.* 1938. 13#. 6d. net.) 

Like many of the smaller works on Qualitative Analysis, this book is an 
amplification of workmg notes used in the author’s laboratory, a second 
edition now following a reprint in 1930. Part I consists of a simple account 
of the theoretical aspects of the subject, followed by Part II—^Analysis of 
Cations. Part III—Analysis of Anions, Port IV—Systematic Analysis. The 
methods employed are straightfoiw^ord and orthodox, and cover the usual 
basic and acidic radicals, rarer metals and unusual ac*ul8 being omitted. 
The book is an elementary introduction to the subject and as such may be 
recommended, but the price is high judged by English standards. The 
Periodic Classification (p. 80) appears to have been ov<3rlooked in brmging 
the book up to date'. 

J. N. 8. 

Introduction to Physical Chemistry. By Aijsxander Findlay. [Pp. 
VII -f 492, with 124 text figures.] (London : Longmans, Green A Co., 
1933. 7#. (k/. net.) 

The design of this book is fairly conventional, oliapters on gasos, liquids 
and solids being followed by a discussion of the colligative properties of 
electrolytes, after winch the First Law of Thermodjuamios is introduced. 
The Second Law of Thermodynamica is not discussed until some chapters 
later, so that m the earlier chapters the formulation of the mathematical 
relationships in such subjects as the colhgative properties and equilibnum 
conditions is either assumed or defeirwl. It is possible that such thermo¬ 
dynamical reasoning as the use of Carnot’s cycle is confusing to the wook 
student, but the reviewer felt that for most students thero would have been 
some advantage m discussmg the expenmental work and its theoretical 
basis at the same time. 

The chapters on Homogeneous and Heterogeneous equilibria, electro¬ 
motive force, and the Phase Rule are very clear, and tliero are adequate 
introductions to Photochormstry, Catalysis, Adsorption and Colloids. 

The personal and historical aspects of the subject •te always prominent, 
a great advantage to the student. There is on unusually good index to the 
book, and an excellent collection of problems on tlie vanous chapters is 
added os an appendix. It is printed on very good paper and witli excel¬ 
lent tyjie, but the reproduction of some of the diagrams might have been 
improved. The price is very reasonable, and the book is strongly to be 
recommended. 

O. H, W.nT. 

An Introduction to Thermodynamics for Chemiata. By D. 

Johnston Martin, B.Sc., A.I.C., Ph.D. [Pp. vii -f 343, with 41 
figures.] (Ixmdon : Edward Arnold & Co., 1933. 16#. net.) 

UNDBKaBADUATES will like Mr. Jolinston Martin’s Introduction to Thermo* 
dynamics. The Author modestly claims to have written an elementary 
textbook, but the fact is that those who wish to qualify for the Pass or 
Honours Degree at an English university will find the range and treatmimt 
of the subject-matter entirely adequate for their needs. 
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Thermodynamios ia pre-eminently a useful subject of immense technical 
importance, though one would hardly gather that impression from the 
majority of textbooks. It is also quite certain that the surest way to stimulate 
a chernist^s mtonist is to put tlu>) utilitarian osi^ect clearly before h^, and 
for this roamjn the Author is to be congratulated upon his exceptionally 
careful treatment of the Free Energy function But there is a criticism to 
be made here. No table of Free Energy values is given. Such a Table 
ought to be a chemist's best friend, for when skilfully applied it is a veritable 
mine of aoouraU) information and at worst should prevent him making an 
ass of himself. Dr. Johnston Martin lias made such good use of Lewis ami 
HandaH's classic that he might have availed himself of the opportunity to 
revise and enlarge thoir Table of Fnn' Energies which was compih^l more 
than ten years ago. 

The early chapters of the fiook owe much to Lewis and Randall, and 
the choice of symbols and sign conventions (even the signs of single electrode 
|)otentials) are those employed by the American writers. In contrast, 
however, theorems are developed by cyclical methods. The signiBcanoe of 
the Entropy function is made exceptionally clear by a novel mterpretation 
of “ irreversible " processes. Forty fiages are devoted to “ The Activity 
Method of Treatment of Solutions,'* which provide an excellent mtroduotion 
to the rather difScult sections in Lewis and Randall. Periodic excursions 
are made into the realms of statistical mechanics ; th\ui, an outline sketch 
is given of Boltzmann's inveeitgation of the Entropy, and of Butler's kinetic 
denvation of Nemst’s electrode equation. Cliapter X deals with tlie anomal¬ 
ous behaviour of strong electrolytes from the point of view of Debye, Hiiokel, 
and more recent workers. Finally, the chapter on the Third Law oontainB 
a fairly clear and up* to-date account of the determination and use of atomic 
entropies. 

The book is admirably printed, and if the price seems rather high, at 
any rate the purchaser will get sound value for his money. 

C. H. J. 

Inorganic Colloid Chamiatry. Vol. I: The Colloidal Elementa. 

By Harry Bovkr Wkiscr, Professor of Chemistry at the Rice In¬ 
stitute. {Pp. XI + 389, with 54 Bgtires.] (New York : John Wiley 
A Sons, Inc. ; London : Chapman A Hall, Ltd., 1933. 2Bs. net.) 

CoixoiOAii cliemistry has grown so extensively that books writtiai by one 
author and fi»mbraomg the whole subject are not likely to appear again in 
a groat number. A then ugli discussion of the bulk of knowledge, which 
some twenty years ago might have been compressed into one chapter, neoessi- 
tates now a complete volume. It is obvious therefore Uiat monagraphs are 
becoming more popular. Beveral important ones, oapeoially on questions of 
capillary obemistry and the teohmeal side of colloid chemistry, have been 
published already. Weber's book on Inorganic Colloid ChemiHry is a new 
and valuable work of tbb kind. 

So far the first volume on ooUoidal elementa has appoaml. The sub- 
divbion used is a purely chemioat one, based upon the contrast between 
metallic and non-metallio elements, the periodic table being the leading 
principle in both parts. Ail kinds of ooUoidal systems, sob, geb, xerogeb, 
fogs, are in thb way brought into close relationship for a given chemical 
substance. Theoretical dbeussions are introduced just where the subject- 
matter treated afrords them. Thb way of treatment reminds one of Wil^lm 

M 
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OBtwald’B ** Orundliaien dor anorganischen Chemie ** or Zaigmondy^s textbook 
of colloid chemiBtry. Woiser’a book might thorofore very weU be recom¬ 
mended as a textbook for advanced atudenta. This ohaj*aoter m also em¬ 
phasised by the numerous references to practical applications of colloid 
chemistry and the consideration of material published in the patent-literature. 
For this reason many facts may be found in this book which are not so 
easily found elsewhere. The paragraphs on activated carbon» on colloidal 
fuel, on colloid load and lodmo seemed to me especially mteresting. 

There are only some points of mmor importance in which the reviewer 
does not quite agree with the opinions given in Weiser’s book. 

H. Fkkxtniwlioh. 

Axmual Review of Biochezniatry. Vol. II. EditiHl by Jabtrs 
Muhray Luck. [Pp vi -f 564.] (iStanford, California: SUmford 
University Press ; London : H. K. Lewis & Co., LUl., 1933. 26^. 

not ) 

This bulky volume of information, most of it highly condensed, cannot fail 
to give, even on casual inapcMjtion, a vivid impression of what a single y€>ar’s 
research in biochc?mistry throughout the world amounts to. The oflitors 
have attempted to make the book as far as possible authoritative and inter¬ 
national. For example, amongst the authors of the twenty-five articles, 
e€M;h of about twenty pages, one notes (making a more or less random selec¬ 
tion), P. Blarrer and A. Helfenstem, R. Robinson, P. A. Levene and A. L. 
Ramond, M. Heidelbergor, D. L. Thomson and J. B. ColUp, R. Hober, R. 
Wurmser, and N. N. Iwonoff and E. S. Swetkoff, so that both the old world 
and the new worlds have been freely drawn upon. Whilst most of the articles 
deal with subjects of essential biochemical mterost some of them, such as 
Robinson’s article on alkaloids and Karrer’s article on Plant Pigments will 
appeal equally strongly to the organic chemist whilst the physical chemist 
will find his field touched upon in the first artick^ by Hober on Permeability. 

It 18 clearly impossible m a brief review to give detailed criticism of 
each section : even to mention all the titles and authors by name would 
take up a very considerable amount of space : it must suffice to say 
that the general stcuidard is in accordance with the expeertations imised 
by the reputations of the authors. Overlapping seems to have been 
reduced to a minimum, a fact which reflects credit on the general editor, 
J. Murray Luck, and the advisory committee, C. L. Alabcrg, D. R. Hoaglatid 
and C. L. A. Schmidt. All biochemists ought to be grateful to the Chemical 
Foundation for rendering possible the production of this valuable volume 
at a very reasonable price. Every biochemist should have a copy available 
both for reference €md recreation. For most of the articles are eminently 
readable and though the food is rich and at times very solid it is not ofton 
really indigestible. Besides, all tastes would seem to have been catered for. 

W. O. K. 

Solvents. By T. H. Dubrans, D.Sc., F.I.C. Third edition revised. [Pp. 
xviii + 206.] (Iiondon ; Chapman A Hall, Ltd., 1933. 10s, 6d. net.) 

A BOOK that has run into three editions in the same number of years has 
so obviously met with approval that the reviewer can only add his quota. 

The title, however, should be modified sinoo the book itself deals almost 
exclusively with the properties and behaviour of solvents employed in the 
cellulose lacquer trade. Cellulose lacquers have unquestionably established 
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themselves in the motcnr oar and furniture industries and are steadily in* 
oreainng their hold and scope in spite of their inflammable oharootenstios. 
These latter have been cited as a contributory cause of the rapid spread of 
flres in French liners m recent times. 

That the attractive and glossy finish associated with cellulose lacquers 
is not haphazard, but the result of careful study and research resulting in 
the scientific blending of various solvents and plasticisers is amply demon¬ 
strated by this book. 

The present edition has lieen mcreaaed by 25 pages and contains details 
of a further 36 solvents, including, curiously enough, iurjientme, rosin spirit 
and castor oil for the first time. The list of trade name^s has been augmented 
and a dosage table of plasticisers for both cellulose nitrate and acetate has 
bixm added. 

M. B. Donau5. 

InduBtriol Chemiatry, Edited by Allkn Roosnus, m collaboration with 
others. Fifth edition. Vol. I: Inorganic. [Pp. riv 4 - 641, witli 
266 figures.] Vol. II: Organic. [Pp. xii -f 876, with 176 figures.] 
(London : Macmillan A; Co., Ltd., 1931. 30s. per volume.) 

A BOOK which has remamed m popular favour for twenty years, necessitating 
the prmting of five editions, leaves the reviewer an easy task unless he finds 
it neoessary to pass any adverse criticism. In a book of this kind, it is 
most important tliat the contents be kept up-to-date, not only in rospect 
of the Bubj€)Ot*matter of the individual chapters but also m the subjects 
chosen for discussion. Many subjects treated m a book of industrial chemis¬ 
try twenty years ago would not appear, or would not claim the same amount 
of attention, in a book publisheci to-day. Proex^ssos change or become leas 
important, and chapters dealmg with these processes should be altered, or 
should oven bo replaced by others of more interest to the reader. 

The present book fails in this respect. The second and tliird editions 
were publislied in 1915 and 1920, respectively. Smoe that time, considerable 
advance has been made in industrial chemistry. In the present edition, 
tlierofore, it is surprising to find more space allotted to the subject of lead 
poisoning, for instance, than to that of synthetic fibres (rayon, etc.). 
Fourteen pages—seven of which are almost full-page illustrations—serve to 
treat of the subject of mtrogen fixation. No reference is made to the manu¬ 
facture of synthetic phenol and Uie subject of synthetic rosins is barely 
mentioned. (Compare this with the thirty pages allocated to the destruotivo 
distillation of wood, thirteen P^ges to laundering and eighty pages to the 
subject of leatlier. It would seem that the great post-War developments 
in some fields have been neglected, and in tliis respect the Editor has failed 
to maintain the hi^ standard set in the earlier editions. We are led to 
expect muoli by the Editor's preface, in which he says : ** The fifth edition 
has been completely modernised * • . by the additions of descriptions of 
newly developed processes whose importanioe merits inclusion in this book.*' 
llie present edition is in two volumes, which contain altogether some 
three hundred more pages than in the fourth edition. Many changes have 
been efiected in arrangement, and a number of chapteni ap{>6ar under new 
authorship. Two new cliapters are included, one on solvents and the other 
on industrial instruments and their uses. A chapter on brewing, malting, 
etc., omitted in the last edition, rea|q>ears. These chapters have on the 
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whole been well done, although it is questionable whether, in a book of thii 
kind, a 61-page treatment of industrial instruments is justifiable, when only 
42 pages are devoted to “ general prooessi^ ’’--a chapter describing chemical 
engineering plant and equipment. 

In future editions, the reviewer would like to see much of the statistical 
matter eliminated, since the book is mtondiHi to give the student ‘‘ a back¬ 
ground knowledge of the subject.” This omission will be neoeasaiy'^ if the 
book is to be kept withm reasonable limits of size and cost. For similar 
reasons, more attention might be paid to the bibliographies at the end of 
most chapters by making a more critical and recent selection of references. 

The aliove comments have been inspired by im editorial request in the 
preface of the book for constructive criticism. It is in this spirit that they 
ore offt riKl To attempt to cover m two volumi's the whole field of industrial 
chemistry is impossible. While one may disagrfw with the ohoict> of subji^ots, 
the industries treato<l have been well dt^ncribed. The treatment is mainly 
descriptive, but does not omit the nect^ary theort>tical considerations for 
a proper understanding of the subject The liook can recomroonde<i as 
a reference book for toclmical schools and colleges, and for those readers 
who wish to acquire a working knowledge of the many prooeeaes described. 

J. P. M. 

Technique of Modern Welding. By pROFicftsoK P. Babdtkx. Author¬ 
ised translation from the second German trillion by Haboi.d Kkn^ey, 
B.A. [Pp. XU 4- 299, with 316 figures.] (Ixindon and Glasgow ; 
Blockie & Son, Ltd., 1933. 15s. net.) 

The author of this book is Works Manager of the State Railway Repair 
Workshops, Wittenborge, Germany, and welding exporienoe in Germany is 
almost exclusively dealt with. 

This exoolleiit survey of welding covers a wide field : not only does the 
author outhne the various methods and applications of welding m modem 
practice, but, with each method, the various metals most commonly worked 
are dealt with, givmg the variations in treatment necessitated by the dtfifoir- 
ences in properties of the metals. 

Gas and electric arc welding are described under the heading of ” Fusion 
Welding.” The author deals oompreh<msively with the plant preparation 
and execution of the processes, and at the same time gives his views as to 
the nature of the chemical and physical actions which take placti. 

Dealing with “pressure weldings” forge, electric resistance and spot 
weldmg methods are desenbod, and a brief account is given of the aluminium 
thermit process. 

The various methods which have been put in praotico for the iniqpeotion 
end testing of welding are reviewed. Hie economics of welding are discussed 
with reference to material, eneigy and labour costs, comparison being made 
with the cost of riveted oonstmction. On the subject of stresses set up by 
temperature changes, further elucidation would be welcome, as a great deal 
of uncertainty still exists as to the nature of such stresstM). 

For those who wish to acquire a knowledge of the scope of modem weldmg, 
this work will be found to be a most valuable treatise. Others—particularly 
Works KngineerB-—will find much of value in the acoounts of the actions 
which take place, and also in bringing to their notice applications and processes 
with wiiich they are not oonversant. In the matter of design, in view of 
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the rapid stiidae being made in the applioation of welding to bridge work, 
dbipbuilding and ateel struotures generally, further examplee of the toohniquo 
of welding detail are deairable. 

David AKDiouiON. 


GEOLOGY 

Tha Poetry of Geology. By Kkknkth Knight Hajuuowes, M.A. 
(Caritab), F.G.S., Member, Royal Society of Literature, Professional 
Goologiflt (1905’-26) H.M. Goologicsal Survey of India. [Pp. xu -f- 61.] 
(London; T. Murby A Co., 1933. 6«. not.) 

Mb. Hai.w>wks ploada with attractive enthumaam a larger place for science 
m mo<lorn poetry. “ The world )um m far,” ho nays, “ »eon little Poetry 
of Scionoo,’* though Science can supply Poetry with a leading and living 
theme. Its “ dry facts ’* oould be transfigured so as to appeal to and charm 
the passing man m the street. This argument the volume finally would 
remfo(ree by some thirty illustrative sonnets and verses of the author’s 
own. They invoke the science with which the author is specially familiar, 
geology, as their central motive. Their eammt and often picturesque verse 
sets forth certain of the vast vicissitudt^ of Earth’s saccular story. But 
tliat their quality entitles them to rank as pof^try in the full sense, we 
doubt. They liave pictonal quality rather than poetical. To define poetry 
IN mdfXHl di^ult; yet all its attempted definitions regard as essential its 
drive to emotion—it must be able to move us. Geological knowledge, 
chatged with remote, and with prehuman and supc^rhuman, unmensities os 
it is, seems humanly too impenional to imply emotion for the general reader. 
8 uch pofitry would somewhat reaorable religious pcn^try, which for the general 
reader conspicuously fails as poetry. Keats, pasmonate admirer of Milton’s 
genius as he was, yot felt the Miltonic epics would lose in appeal at a future 
day because their main theme was not essentially poeticjil. 

As to Mr. Hallowes’ general thesis, the oflfort to make the teachings of 
Science a central theme of poetry has been less rare than he seems to sup* 
pose ; witness Lucretius onward to Mr. Noyes. That, however, is a different 
story from the enlistment of scientific fact and fancy mto Poetry to strengthen 
and enrich the background and other setting of a theme drawn from the 
peratmial poetical springs of human fatti and feeling. In roferenoe to Tenny¬ 
son Mr. Hallowes seems soaroely to distinguish tliat with In Mamoriam ” 
this latter is tfie use of science which its success sanctions. 

C. 8. Shkreinoton 

TraatiM on Sadimsntatlon. By W. H. Twknhofki. and collaborators. 
Prepared under the auspices of the Ckimzmtteo on Sedimentation^ 
Division of Oeology and Geography, National Research Council of 
the National Academy of Sciences (U.S.A.). Second Edition. [Pp. 
xxix -f 926, with 121 figures.] (London: Balli6re, Tmdall & Cox, 
1932. 46s. net.) 

Thk first edition of this work was reviewed in Soikncs PiiooaBSS. January, 
1928, p. 536. The new edition has been greatly ixilarged and contains 926 
as againat 661 in the earlier edition, due to the addition of new matter 
which has been brought forward since date of the first edition. The 
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general plan of the work and the relative eiaee of the vaiiotui oontributionB» 
however, remain much the same as before. The eight chapters have been 
enlarged as follows : Sources and Production of Sediments, from 28 to 81 pp., 
Transportation, Deposition, Diagenesis. and Lithifioation of Sediments, from 
68 to 81 pp., Important Conditions modifying Sedimentary Processes, from 
22 to 33 pp.. Sediments and Organisms, from 33 to 40 pp.. Products of Sedi¬ 
mentation, from 279 to 416 pp.. Structures, Textures, and Colours of Sedi¬ 
ments, from 119 to 180 pp.. Environments or Realms of Sedimentation, 
from 67 to 89 pp.. Field and Laboratory Study of Scxiiments, from 16 to 
19 pp. Tlie number of illustrations, stiU somewhat inadequate, has been 
increased from 61 to 121. It is pleasant to be able to record that the citations 
from European literature do not disclose the glaring omissions of the earlier 
edition, and that misspellings and misprints ore noticeabl> fewer. Anal>n»iB B 
m Table I, however, is erroneously stated on p. 2 to hi* that of the average 
sedimentary rock, and there ore a few missptillings of foreign place-names 
and surnames. 

Tins book is a vastly improved production, and now forms by far the 
most complete existing study of sediments and mentation. With its 
lucid discussions, wealth of references, and adequate indexes, it will provo 
an indispensable aid to workers m this branch of petrological science. 

G. W. T. 


On the Mineralogy ol Sedimentary Rocka. A Senes of Essays 

and a Bibliography. By P. 0 H. Boswkll, O.B.E., D Sc , F.R.8. 

[Pp. IX -f 393.] (London : Tliomas Murby & Co. ; New York : 

D. van Nostrand Co., Inc., 1933. 21s. net.) 

Pbofessob Boswell's valuable book is made up of the summaries of the litera¬ 
ture of sedimentary petrography which he has compiled from time to time, to¬ 
gether with a covering series of essays, and not least (but unmeniioned in 
the title) a number of useful indexes. Over a thousand items, arranged 
alphabetically under authors’ names, are given in the bibhography. With 
each there is a succinct statement of the minerals described, their localities 
and stratigraphical horizons, with a notice of figured specimens and chemical 
analyses where these are available. It is to be noted that these references 
deal solely with the mmeralogy of sediments ; there is a far wider field still 
untouched m the petrology of sedimentary rocks and in sedimentation, which 
we hope Professor Boswell, or a colleague inspired by him, will now take up 
and thus complete this great task. The prefatory essays are slight as they are 
only intended to be introductory, as “ investmg the abBtracts with some 
significance by showing what has beim done in the field of the petrology of 
sediments and what is the trend of thought at the present time.” They 
deal with such subjects as ; history of investigation, individuality of sedi¬ 
ments, stability of detrital minerals, minerals as clues to the sources of sedi¬ 
ments, correlation by means of minerals, shore sands and dune sands, doop-soa 
sediments, authigenous minerals, mineral composition of clays, and detrital 
minerals in relation to the origin of metamorphic rocks. The indexes cora- 
prw a general index, stratigraplucal horizons, localitiiw, minerals. %ured 
minerals, and technique, and are not the least valuable feature of a book 
for which all petrographers dealing with sediments will be profoundly grateful. 

a. w. T. 
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MIiiwaIs and tha Microacopa. An Introduction to the Study of Petro¬ 
logy. By H. a Smith, A.R.C.Sc., B.Sc., F.G.S. Third Edition. 
(1^. xiii 4- 124, with frontwpieoe, 12 plates, and 33 figures in the 
text.] (London : Thoxnas Murby A Co.; New York : D. Van Nos- 
trand Co., Inc., 1933. 6a. net.) 

Thb continued popularity of this book, as shown by the call for a third 
edition, is well deserved. It is designed as an introduction to practical 
jietrology, m which the first stage is a working knowledge of minerals as 
wwn under the microscope. The author deals with the optical properties 
of minerals in 62 pages, and while following familiar lines his expositions 
arc wonderfully clear and concise, and are well adapted to the student begin¬ 
ning the subject. There follow detailed descriptions of the common rock- 
forming minerals, and we are agam compelled to pay tribute to the beauty 
and excellence of the photonucrograplis that accompany this section. The 
third part of the lxx>k, on the Study of Rocks, has IxH'n entirely re-written. 
In it an attempt is made to bridge the gap between practical instruction 
m mmoralogy and the subsequent examination of thin sections of rooks 
under the microacojie, by giving a succinct account of petrological theory 
and classillc^ition. The treatment of sodimentar}^ and metamorphic rooks 
is somewhat slighter than that accorded to the igneous rocks, but within 
the restricted limits of only 36 page^ Dr. Smith has accomplished a good 
performance in this section. We think that this book remains the best 
introduction to the mineralogioal side of petrology for the elementary student. 

G. W. T. 

Elemaxxta of Optical Mineralogy. An Introduction to Microscopic 
Petrography. Part II : Daacriptiona of Minarala, with 
Special Raleranca to Thair Optic and Mioroacopic Char- 
actara. Tlard Edition. By A. N. Winchhll. [Pp. xviii 4* 469, 
with 362 figures.] (New York : John Wiley A Sons, Inc. ; London : 
Chapman A Hall, Ltd., 1933. 37a 6<i. net.) 

Tk» setiond edition of this work was reviewed in ScrBNoic Prooress, April 
1929, p. 716. It was published under the name of N. H. Wmchell, the 
original author, coupled with that of A. N. Winchell who had entirely re-cost 
and re-written the book. In the present edition Prof. A. N. Wmcheirs name 
appears alone on the title-page, which is entimly htting, as he is solely 
responsible for what is practically a now work. Smoe the date of the second 
edition the most remarkable advance on the eliemical side of mineralogy 
has been made by the X-ray study of crystals, which has led to re-exammation 
of the relations between optical properties end cliemiool oom|X)sition of 
mmerals. The new data thus obtamed make a new classification of minerals 
imminent, espcM;ually in regard to silicates ; and Prof. Winchell has tentatively 
adopted a new classification on this basis for the important silicate minerals, 
while leaving non-silicate minerals classified under the Dana system os before. 

In its third edition this book maintains its position as the most com¬ 
prehensive compilation of optical data for mmerals in general. As before 
it is generously illustrated by diagrams and figuna. Some of the diagrams, 
however, are so overloaded with curves and numerical data as to bo difficult 
to reaii The price of the book has unfortunately gone up by ten shillings. 

G. W. T. 
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▲ Descriptive Petrography of the Igneoue Books. Vol. XX : The 
Quarts-hearing Hocks. By A. Johaknskn. [Pp. xxu ^ 428, 
with frontispiece and 119 illustrations.] (Chicago: University 
of Chicago Press; London : Cambridge University Press, 1932. 
33s. net.) 

This is the second volume of Professor Johannsen’s treatise, to be completed 
m four volumes. The first volume, which dealt with introductory matter, 
textures, and classification, was published in 1931. In reviewing this book 
it will bo advisable to disregard the intrinsic merits or demerits of Joharmson’s 
system of classification, and concentrate on the matb^r and its mode of 
presentation. It may bo said at onco that lioth are oxccdlent. The present 
volume deals with the Quartz-beanng Igneous Rocks only. The«w^ are fully 
dew;ribc(i by families in Johannsen’s classification, an cxIiauMtive history of 
the rock name being first- given. These arc most valuabh* sections which 
help the petrographer to realise what interesting and irapK)rtant material lies 
buned and forgotten m the older literature. Then coitk' descriptions of the 
constituent minerals with analyses and modes if availshl(\ followed by con¬ 
sideration of the chemical composition and genesis, illii>^trat-f*d by tabulating 
all analyses tliat have been accompcmied in the literature by statememt^s of 
the actual quantitative mineral composition (mtxle) of the rock m question. 
Piutomc tjqxjs are dealt with first, then the extrusive rocks, and finally the 
hypabyssal phases. The most important roc'ik dealt with m this volume is 
granite, and its consideration occupies 135 pages. As an example of the 
thoroughness with which the work has bexm done it may bc^ statid that 
under “ Granite ” the following topics are treattd . definition and history, 
megascopic characteristics, microscopic cliarat'U'rs including detaikd con¬ 
sideration of a long list of minerals with analyses, modes, chemical com- 
jiosition, genesis, modes of occurrence, age, alt-eration and weathering, and 
varieties. 

The book thus contains an immense quantity of data the accumulation 
of which must have entailed an incredible amount of labour. Petrographers 
will be extremely grateful to Prof. Johannsen for assembling this valuable 
material which they con and will use notwithstanding their opinions as to 
tlie ments of his classification. Inevitably there are some misprints, mistakes, 
misstatements, and omissions, but remarkably few considering the scope of 
the work. Prof. Johannsen has missed some important foreign literature, 
but perhaps we are expecting too much oven from his omniscience. The 
book is beautifully pnxluced, prmted on fine paper, and well illustrated. 
As was the first volume this book also is adorned with portraits of i>etro- 
graphers who have been prominent in invt«tigation of the nicks described. 
Tlie wnting is exact, lucid, scholarly, and the book is a pleasure to rt^ad 
and handle. 

G. W. T. 

Matamorphiam. A Study of the Transformations of Rock-Masses. By 
A. Habkeb, M.A., F.R.S. [Pp. ix -f 300, with 185 figures.] (London: 
Methuen & Co., Ltd., 1932. 17s. 6d. net.) 

This remarkable book by the doyen of British petrologists is a model of 
what a scientific work should be in form, stylo, and balance. It is a study 
of metamorphisra in rock-masses conceived, not as a status, but as a proem, 
as the response in rocks to chongmg conditions of ten^rature and stress! 



BSVIBWS 


100 

For the most part Dr. Harkor has dealt with data which he himself has 
contributed to the 0 cienee> wrought into generalisations which are peouharly 
his own. Ckinsequently his work owes little to recent foreign studies in 
metamorphism. He makes no use, for example, of the Niggli-Grubenmann 
treatise although he makes full reference to Orubenmann’s original work. 
The recant Alpine and Finnish schools of thought receive but scant mention, 
and Eskola and Stillwell do not even figure in the index. Much of the 
material has been derived from Jiritish holds of study, and within these 
limits this book represents absolutely the last word that could be said by a 
great master m his own subject. 

In the first part of the book the thermal factor in metamorphkm is treated 
as the ruling condition. This Is regarded as the natural line of approach 
to the more complex problem, dealt with m the second part, in which the 
dynamic factor enters in conjunction with the thermal. The first part 
contains nine cliaptfirs dealing succc^ively with general considerations, 
structures, tliarmal metamorphism of non-calcareous Hcxlirncnts, calcareous 
sediments, igneous rocks, and with pneumatolysis and metasomatism m 
thermal metamorphism. I'he sexjond |>art b^^ins with a eliapter on streiss 
as a factor in metamorphism, goes on to pim^ dynamic metamorphism 
(cleavage, cataclasis, etc.), regional metamorphism, structures of crystalline 
schists, regional metamorphism of non-caloaroous stKlimonts, calcareous 8e<li- 
inants, and ignt^ius roc’,ks, plutonic intrusion in relation to regional meta- 
morphism, repeated and retrograde metamorj^iliiBm, eleven chapters m all. 

Dtwjripiive matter is reduced to a mmimum and its place is taken by 
a seriiHS of beautifully drawn and most instructive figures of thm sections. 
Genetic considerations, chemical and physical, are always to the fore, and 
the principle of phase equilibrium is applied to the phenomena as far as is 
possible. 

The book is certainly the most penetrating study of metamorphism that 
has over been made, and its value is greatly onliancixi by its luminous, exact, 
and dignified hterary stylo. We believe that Dr. Harker’s work provides 
the greatest stimulus to the study of metamorphism that petrologists have 
received during the present century. Our younger research workers in this 
field are indeed fortunate in having this book at their command. 

G. W. T. 

History of Uis Thseny of Ors Dsposiis. With a Chapter on the 
Rise of Petrology, By T. Croox, F.0.8. [Pp. 168.] (London : 
Thomas Murby & Co.; New York : D. van Nostrand A Co., Inc., 1938. 
109, 6d. net.) 

This is a type of book which might well be repeated for other branches of 
geological science. It is salutary for scientific men to realise how much and 
how oflbon they are indebted to ^eir prodooomorB for the very theories which 
they regard as entirely new. Mr. Crook reviews most instructively and 
entertainingly the great oontroversy between Neptunists and Plutonists 
regarding the origin of ore deposits, especially mineral veins, which has 
continued in various guises from the eis^teenth century down to the present 
time. After an introductory chapter Mr. Crook deals successively with the 
views of the ancients, the writers of the sixteenth and seventeenth centuries, 
first three-quarters of the eighteenth century and the last quarter in separate 
ehaptsom, the four quarters of the nineteenth century in separate chapters, 
the twentieth century, with a final chapter on the Rise of Petrology. 



SCIENO® PEOGEBSS 


170 

Mr Crook is a oonvinoed supporter of the view that most mineral veins 
hove been due to the action of sedimentary and metamorphio agencies, 
and that the modem igneous theory of metalliferous veins is fallacious. 
One of the arguments by which this conclusion is reached, namely, that 
85-90 per cent, of the world’s total annual output of minerals is from sedi¬ 
mentary cmd metamorpluc concentrations, strikes us as a non-0tqu4iur based 
on a confusion between the commercial and soientifio importance of mineral 
deposits. Further if, as maintained, circulating exogene waters can leach 
out motallio saJts from rooks, much more can the hot waters undoubtedly 
disengaged from igneous magmas do so, especially as they are in much more 
vital and intimate contact with the metalliferous constituents than are the 
colder and less chemicaUy active exogene waters, and are moreover of nascent 
quality. The theory outlined in the first paragraph of p. 132 assumes that 
there has been but one irruption of primar}' sulphidic and metalliferous 
igneous matter into the earth’s crust. 

The chapter on the Rise of Petrology is excellent, and make's the mudi- 
needed point that petrology cazmot claim coraplete*nc*ss until it ineludeis ore 
deposits as true rooks ; hut the author who, abeivn all, has insisted on this 
point of view, Niggh of Zurich, does not oven find a place in the index of 
authors. Mr. Crook prefaces his work with a valuable summary of views 
and arguments. 

G. W. T. 


BOTANY 

Besearchea on Fungi, Vol, V. By A. H. Rieginald Bulube, F.R.S., 
D.Sc., Ph.D., LL D., Professor of Botany m the University of Mamtoba. 
[Pp. xvi 4- 416, with 174 figures.] (London, Now York, Toronto ; 
Longmans, Green A Co., 1933. 25s. net.) 

Ik this new volume of researches Prof. Bailor considers the mechanism of 
spore dispersal in some non-hymenomycetous basidiomycetes and returns to 
the question of hyphal fusions, some aspects of which he had dealt with in 
his last published volume, while he also describes thf> movements of protoplaatm 
and vacuoles through the pores commonly present in the cross-septa of hyphee, 
the formation of pore-plugs and of mtrabyphal hyphsB, 

In the chapter on hyphal fusions, attention is drawn to the extraordinarily 
interesting recent observations of R. Vandendries and H, J. Brodie on the 
mutual repulsion which they find takes place between oertam haploid myoelia 
of Lenzitesbotulinaand which can be suppressed by a partition of lead, but 
not by one of mica or of glass. It would seem that some radiation is respon¬ 
sible for the observed phenomena, but while no other suggestion fits the facts, 
no known radiations have the properties required by the conditions of the 
experiment. 

An examination of Bporobolomyces has shown that this fungus forms 
and discharges its spores in a manner typical of a basidiomycete, and her© 
Prof. Boiler would sc^m to have definitely the systematic position 

of this fungus, a matter which has been the subject of much discussion since 
its discovery. As the result of another set of observations reasons are given 
for regarding the so-called secondary conidium of Tilletia as the primary 
bostdio-spore and the oonidia produced on the mycelium formed itom the 
so-called secondary conidium as secondary bosidiosporos. Prof. BuUer gives 
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reasons, inoluding a oompar^on with allied fonm, for regarding the structure 
termed originally by Brefeld the primary conidium as a sterigma. The argu¬ 
ments brought forward are certainly strong, but while it is difficult to suggest 
any other interpretation for these structures, the reasons given do not quite 
convince, espeoiaUy as it is difficult on this view to acooimt for the sterigmatio 
structures borne by the primary conidia. 

The volume concludes with a study of the structure and discharge of 
Sphacrobolus. As usual the illustrations and the general get up of the book 
are admirable. 

E. M. C. 


Hacant Advancaa in tha Study of Plant Viruaas. By KsKKirrn M. 
Smith, D.Sc., Ph D. [Pp. xii -f* 423, with 1 colourcxi plate and 67 
text figures.] (London : J. A; A. ChurcluU, 1933. 15s. net.) 

It is surprising that until this book of Kenneth M. Smith appeared no 
general survey of the literature of the virus diseases of plants had boon 
put forward. The output of pape^rs has IxH^n so large, and the accumula¬ 
tion of knowledge so progreseive, tliat one might have expected long ago a 
collected account of the work of 40 years; but only memoirs on special 
stx^tions and brief summaries in the technical journals have apfieared hitherto. 
The book therefore meets a want, which bail become almost a need. It 
is agreeably produced, of cxinvonient size and clear tyqie, and is well supplied 
with illustrations. Eleven chapters are devoted to a general account of 
the symptoms, properties, transmission and physiology of the viruses them- 
sf^lves and the diseases they cause, and to a detailed consideration of the 
relations betwoen the insect vf^ctors and the viruses they carry. These 
are followed by three chapters descnbmg the various diseases, classified 
according to the hosts attacked ; and to every chapter is attached a biblio¬ 
graphy, which is more extensive and has been more utilised m the text 
than is often the case. A special feature, and one which is particularly 
valuable to plant pathologists to whom the relevant literature is not ordin¬ 
arily accessible, is tlie attention given to the recent advances made by 
workers on the virus ihseases of man and other animals. The book is 
intended to serve not only as a general survey, but as a reference book for 
both the general student and the specialist work(>r in plant virus research ; 
and so far as it is really possible to combme these aims, it achieves its purpose. 
It can be heartily commended as a trustworthy, readable, oomprehenmvo 
account of its subject-matter, and will be indispensable in every laboratory 
where plant viruses are studied. 

J. Hxndbbson Smith. 

Plants Uaaful to Man. By Wuuruo Wiluam Robbims, of the Uni¬ 
versity of California, and Fbakois Kamauby, of the University of 
Colorado. -f ^26, witli 241 figures.] (Philadelphia: P. 

Blakiston^s Son A Co., Ino., 1983. |3 post paid.) 

Tbb title of this book indicates a very wide scope and this indication is 
borne out by its contents which include ornamental garden plants, timber, 
resins, etc. A detailed account of any one particular aspect of the subject 
or of any one plant is tberoforo outiroly out of the question, but an astonish¬ 
ing amcnint of information is contained concerning the history, introduc- 
ticm» geographical range and use of economic plants. The illustrations are 
numercmsi well ohosen* and* as a nile» well executed, althou^ unfortunately 
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there are a few crude drawings. The work is a very good iniroductioii io 
economic botany and a useful supplement to the more usual systcsmatio 
works. 

E. M. C. 

Plants and Human Economics. By R. Good, M.A. [Pp. vii 4 - 202, 
with 8 maps ] (Cambridge : at the University Prc^. 1933. 5s.) 

This is a useful little handbook to a subject upon which the literat\ut» is 
all too meagre. The plant products denvinl from over six hundred sfiocies 
are considered imder such groupings os : Cereals and Pul«c‘s, Vegetables, 
Fruits, Timbers, Beverages, Drugs, Fodders, etc. Despite the number of 
species cited the text is not a mere catalogue and, though many are nocc^. 
sarily mentioned by name only, the salient facets are dealt \%ith regarding 
most of the more important economic species. 

There are some errors such, for example, as that pollination and the 
setting of seed are synonymous, that Chmcmo ArtiehokcH are root tubers, 
and that Oileriac is a root vegetable. Having regard to the inclusions there 
are some curious omissions as, for instance, Cardoon amongst the vegetables 
and Pecan nuts amongst the fruits. An appendix gives a list of the species 
cited m the text with paginal references, but owmg to its taxonomic arrange* 
nient this list has a very liraitetl value for the nondiotanical reader and 
does not serve as a sulistitute for the totally inadequate index. Tliest^ minor 
defects will, however, doubtless be corrected m future editions of a work 
that is a handy mtroduction to a much negloctcMl subject, 

E. J. 8. 


ZOOLOGY 

Animal Biology. By Robert H. Wolcott, Professor of Zoology in the 
University of Nebraska. [Pp xvii 4* 616, with 335 figures.] (New 
York and London ; McGraw-Hill Book Co,f Inc., 1933. 21s. net.) 

The compression of much matter into a small compass is, as any physicist 
or any writer will testify, a difficult task. Prof. Wolcott is certainly brave, 
for he has attempted to compress mto a moderately sized volume an 
enormous mass of knowledge. In his first part, entitled “Fundamental 
Prmciplos “ ho presents the relevant laws of physical chemistry (in 7 pages, 
startmg with definitions of matter, atom, element and so forth) and of ener¬ 
getics (in a page and a half), and passes on to discuss life, protoplasm, cells, 
reproduction, mitosis and other similar topics. Then, in the second, third 
and fourth {mrts, ho reviews m some detail the whole animal kingdom, 
phylum by phylum. Finally, in part five, ho has a number of ohaptors 
on such questions as embryology, general physiology, behaviour, ecology, 
health and disease, animal distribution, fossils, evolution, genetics, classifi¬ 
cation and the history of zoology. All of this material, according to his 
introduction, is covert in a first-year course consisting of three recitation 
periods a week. Wliat the course in question is like, the reviewer cannot 
tell, but as for the book, although its table of contents is most impressive, 
its text is disappomting. It is a book in which everything is mentioned 
but nothing is discussed. One gets from it an impression of breathless 
haste; topic after topic is taken up, glanced at and thm immediately dropped 
to make way for the next. 

The ideal first-year course in zoology has yet to be devised. Most of 
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the BtodentA who take sitdi a eoursa will ultimately speoialise in Bome other 
Boienoe and have only one year to spend on aoology, bo it is only fair that 
they should be given a birdVeyo view of the animal kingdom, cm insight 
into biological principles and method, and some idea of the mam directions 
in which rcweartTh i» now proceeding. But the technical problem of how 
to present this material without continuous superficiahty is an exceedingly 
diMcult one. It is the roviewer*s opinion that such courses should be given, 
but not set down in books. A lecturer can run along as he chooses-^elaying 
and expanding where his subject is interesting, hurrying and cutting where 
it IS dull or when time is short, and* if ho knows his job, he can cover the 
ground adequately and also be stimulating at least part of the time. But 
the result of writing such a course down as a book may be bad. It 
depends whether you btdieve that graduates should be hand^made or mass- 
produced. The implication is obvious ; between two covers you write the 
whole ilrst-year course, and for a guinea the student can get all he needs 
to know. That savours of mass-production. But excellent texts are already 
m existence, describing the animal kingdom, or genetics, or evolution, or 
ecology, and it may well be urgfHl that the student will get a much better 
idea of soology by using several such texts, under the direction of a com¬ 
petent tiMiohor, even if he only reads small parts of them, than by solemnly 
ingesting the contents of a single tabloid volume. 

G. P. Wells. 

The Ecology of Animahi. By CaAaiJcs Elton, M.A. Methuen’s Mono¬ 
graphs on Biological Subjects. [Pp. x 97.] (London : Methuen 
A Co., Ltd., 1933. 3#. 6d. net.) 

Tux inclusion of a book on Animal Ecology’ m Messrs Methuen’s series of 
Monographs on Biological Subjects is in itsi^lf a tribute to the author’s pioneer 
work on this subject m this coimtry. 

After a brief mtroductory chapter, Mr. Elton treats with the methods 
and some of the more important results of ecological surveys. He then 
deals with the interrelationships between animals and the ph 3 r 8 ical char¬ 
acters of habitats, leading up to a discussion m which ammal numbers, in 
their main aspects, including the bearing of fluctuations in numbers upon 
evolution theories, are briefly but clearly considered. In the last chapter 
a survey of eoonomio ecological problems is given. 

Constant reference is made in the text to original work and a full list 
of recent publications is to be found at the end of the book, followinl by 
a useful index. 

This book thoroughly fulfils its purpose and should prove of great interest 
to teachers in all branclu^ of Zoology. It explains the scope and interest 
of ecological work to the student and, to anyone wishing to work on ecological 
lines for the first time, it gives an exceilcfnt idea of the methods and problems 
involved. 

N. H. H. 

Mimicry. By G. D. Ha.lk CABraNTxa and E. B. Fobd (Methuen’s Mono¬ 
graphs on Biological Subjects). [Pp. x -f 134, with 2 illustrations.] 
(London: Methuen A Co., Ltd., 1933* 3s. 6d. net.) 

Thxbx is an old and I believe a true story of a great scientific genius who, 
Although he had invented something of great oommeroial value, could get no 
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one to take up his invention. Heart-broken, he told a firiand who happened 
to be a barrister and the friend, although having no teehnioal knowle^e of 
the subject, by meana of questioning, made himself acquainted with the details 
of the mvention. The next day the apparatus was taken up by the first firm 
to whom the barrister went, because he was able to explain its details in non¬ 
technical terms. 

It seems to mo that in all essays and loctures upon Mimicry, more than in 
any other subject m Zoology, the general reader with a taste for Biology, and 
indeed most Zoologists, are m the poaiUon of an audience listening to a foreign 
lecturer who, although spoedong English, is frequently at a loss for a word 
and introduces one of his own which is unknown to the list^mem. Those who 
tell us about Mimicry rely too much upon examples and they mtroduce them 
so generously that, meaning nothing to us, they senously lessen the effect 
of the whole story. This book is no exception ; ita argument is based too 
much upon examples unknown to the general reader. Noverthelc3es, admit¬ 
ting tins handicap, I should describe it as a first-class rt>frosher oourue for those 
already possessing a knowledge of the subject and with plenty of good stuff 
for less advanced students. 

The book is divided into three parts, the senior author being responsible 
for the first two. Part I deals with the historical side and Part II, occupying 
the bulk of the volume, 80 pages, is entitled “ Modem Evidcmce ” and is 
mamly a senes of field observations interpreted m the hght of the observer’s 
predilections as proofs of Mimicry, m which some may see too much proof. 
One 18 sometimes inclined to wonder whether the anunals and insects them¬ 
selves know the laws of Mimicry. I am not suggesting that all this is mere 
pliantasy or tliat the extreme evidence is absurd, because every specialist must 
see more than the ordinary being. Among Entomologists, for instance, there 
are systematists who separate species where twelve good mcm and true among 
ordinary Entomologists would deny the existence of distinguishing specific 
characters. The real question is whether the specialist's judgment has 
beoome warped by intensive study or whether in the course of time, the jury 
will CK^quit him. 

Port UI IS scarcely to be described as suitable for the general reader with 
a taste for Biology; it is an essay on Qenotics to Geneticists and in that 
light is very well developed. 

Fbank Baltoub Bbowicb. 

An Economic Entomology of the West Indies. By GBORax N. 
Wolcott. [Pp. xviii -f 688, with 111 figures.] (San Juan: The 
Entomological Society of Puerto Kioo, 1933. $2.00 poet paid.) 

This book is mtended for a somewhat varied public, including both students 
and planters. It is written, therefore, m a popular st^de, but gains rather 
than loses in consequence. 

The volume starts with seven useful and simply written chapters on 
general considerations which include external anatomy, internal anatomy 
and physiology, development, names and classification, ecology and the 
chemical control of insects. 

Then the posts are considered not in any order based on the systematic 
groupings of the insects themselves but according to the crop tliey attack. 
This arrangement of the material may be considered slightly imortbodox 
nowadays but probably in the future will be found the most usual and 
logical. It is the natural method of approach from the planters* point of 
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view and also haa much to be said in its favour on the basis that economic 
entomology is an integral part of applied ecology. 

The pests of economic grasses first rec<3ive attention under such chapter 
headings as insects attacking the roots of sugar-cane, the root-boring weevils, 
uisects attacking the stalk, caterpillars which attack cane leaves, insects 
wliich suck cane juice, those attacking grass and forage crops, etc. Then 
there is a section on pests of fibre crops. Tins includes chapters on insects 
attacking cotton and sisal. The next section treats of pests of ^rees in¬ 
cluding coffee, cacao and the coconut pahn. The penultimate section deals 
with the pests of fruits which include citrus, banana, pineapple, papaya, 
mango, avocado and other fruits. Finally there is a short section on pests 
of garden crops, e.g. tobacco and vegetables. 

Tlie actual method of doalmg with the individual pests does not follow 
any hard and fast outline, but where the injury is more obvious than the 
insect, the damage is described before the insect. Attempts have been 
made to mdioate the points where present-day knowledge is lacking. The 
illustrations are fiklequate and form a valuable pert of the text. The refer¬ 
ences to literature, which are not claimed to bo complete but only selected, 
are numbc^red and placed either at the end of the several chapters or im¬ 
mediately after the paragraph to which they refer. 

The book is apparently the first economic entomology covering the entire 
group of the West Indies, and so on this account alone must be of con¬ 
siderable importance. In addition the refrc^mg way in which it is written 
and arranged gristly enhiinoes its value. Undoubtedly this book is a 
landmark and should be of immense help especially to students and planters 
for whom it was primarily designed. The price is reasonable and suitable. 

H. F. B. 

Natar# and Nurtura. By Lancelot Hoqbxn, M.A., D.Sc. [Pp. 144, 
with 2 figures and 21 tables.] (London : Williams A Norgate, Ltd., 
1933. 6a. 6d. net.) 

This book is mtonded as an introduction to the methods which have so far 
been devised for the study of human genetics. The investigation of heredity 
and variation in plants and animals can as a rule be conducted by means 
of direct experiments. In the human species, however, which is slow breed¬ 
ing, has few ofispring, and cannot be mated at will, special methods must 
be employed. Clearly it is possible only to work backwards, subjecting 
various family trem to statistical analysis. A knowledge of appropriate 
statistical metliods is thus indispensable to the student of human her^ity. 
Many of those likely to be of value are here presented, together with a dis¬ 
cussion of their limitations and cautions as to their use. 

The advertisement on the dust-cover states that **the author has 
attempted to interpret the new methods of research in human genetics in 
a way which will be intelligible to readeni with little mathematical know¬ 
ledge.*' It is to be feared, however, that such readers are not likely to find 
that the attempt has been entirely successful. 

The first chapter is devoted to a survey of the problems which are 
Analysed later, and the book contains information of great interest on the 
Illation between heredity and environment both in man and other organisms. 
Unfortunately its value is considerably reduced by a totally inadequate 
index and by the extraordinary omission of any bibliography whatever. A 
few references are given at the foot of the pages whore the work in question 
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is cited, though they ore nowhere oolleotod. More often, howevw. even these 
are omitted. Serious readers are certain to find this a source of annoy- 
anco and disappointment. 

A number of valuable methods arcs however, elaborated and brought 
together in this work. Furthermore, it contains ideas which arc both 
original and interestmg, and it could be read with profit both by geneticists 
and chnicians. 

E. B. F. 


MEDICINE 

Handbook of Physiology. By the late W. D. HAi^LratmTOK, MD., 
LL D , F R (" P , F.R S., formerly Fnifofisor of Physiology, University 
of London, King’s College, and R. J. H. MrDowALi., M.B , D Sc., 
F.R C P (Edin ), Profesnor of Physiology, University of London, 
King’s College Tliirty-third f*dition. fPp. xii -f 971, with 382 
figim^s and 4 plates.] (London : John Murray. 1933. 18s. net.) 

The form of tins textbook has been dett^rmmed by the requirements of tlie 
mechcal student, and the sixe, presumably, by tradition ; bearing in mind 
these limitations, the book is good. Since the last edition the first third 
has lieen arranged, purged, and brought up to date, wiule the remainder 
has been adequately revised. It sJiould be pomted out to those unfamiliar 
with the work, that its implied d^niication to the medical student oarrias 
with It certain oorollanos. First, it is written with the object of giving 
instruction, and reads like the words of a teacher; an interesting teacher, 
and one who has no doubt as to what he wishes his pupils to learn. In 
accordance with this, we find new or unfamibar t<3rms, and figurea which 
should be memorised, cmphasimHl by heavy black type. There is also a 
profusion of illustrations- nearly one to every two pagea. Bcoondly, it is 
not a comprt^iensive book of reference, and the reader will find aome parts 
of the subject treated much less fully than others. Thus chemistry and 
physical chemistry are reduced to a minimum, and tlie aeotion on muscle 
and nerve is cut down to proportions almost commensurate with its clinical 
significance. The balance of the book has been carefully adjusted with 
respect to its place in the medical curriculum, but not with respect to the 
total amount of knowledge available in difierent branches of physiology. 
Thirdly, while the presentation of the Bubject-matter is sensible and up to 
date, and the book self-sufiicient for ordinary purposes, its limitation as to 
size means that the reader must take much for granted. For instance, 
selecting at random, only three pages of print and three illustrations are 
devoted to a consideration of the thyroid gland; this gives no scope for 
any sort of historical treatment, nor for anythmg more than a brief pre¬ 
sentation of the conclusions ** arrived at by observations, both on man and 
animals.” 

On the whole, the author is to be congratulated on having successfully 
completed a difficult task, in tliat he has carefully sifted and incorporated 
much new work, while preserving the original aims and size of the bocA:. 
From the point of view of the teacher only one section—that on the nervous 
system—is open to adverse criticism, and even this applies to most teaetbooks 
of physiology. It is time that a oomplete break was made with the tradi¬ 
tional anatomical approach to the nervous system. The student is tai]|(ht 
to visualise how the circulation, for instance, ” works,” but it is doubtful 
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whether ho ever forme a aatiefactory mental imago of the nervous system in 
action. The recent work of Sherrington and others, who have demon* 
strated the play of inHuencoH on the “ motonourono pool ** and their reflection 
in muscular contraction, should make an excellent basis for teaching, in 
that it gives the mind something concrete to grasp. The properties of the 
reflex arc arc lifted out of the realm of mysit^ry, and their importance in ail 
forma of nervous activity becomf^ apfiarent. It is only fair to state that 
in the present work, the physiology of reflex action is treated as simply and 
clearly as one has siH*n it trfwtixl in a tt'xtliook, but it is to be regretted 
that the opfjortAinity has not b^xm taken to crystallist^ it m the form of the 
latest conceptions 

As regimis general featurc^s of production, the book maintains its pre¬ 
viously high standard. The papc^r and binding are good, and the coloured 
plates well done. Blank pagi« have Ix^n inserted for notes at the end of 
every chapter, and if this turns out to Ixi a feature worth repeating, one 
would suggest the addition of at least one such sheet at the end of the index, 
which, it should be remarked, is exoelk*nt. 

W. H. N. 

Xndlg^raoufl Drugps of India. Their medical and economic asfiects. By 
I^iicuT.-CoL. R. N, C’Hoi»HA, M A., M.D. [Pp. xxii 656.] (Calcutta: 
The Art Press, 1933. Rs. 16 ) 

This is a work of exceptional interest in that the author not only describes 
the pharmacological and thera|>eutic actions of a wide range of drugs but 
also discusses tnionomic problems oonnecttHl with tht' drug supply of India. 

In the first place the purely soieiitific merits of the volume are high, for 
the author lias oolltioted a mass of information regarding the properties of 
the drugs used in the systems of medieme mdigenous to India. A larg*^ 
proportion of the scientific information provided m tliis clmptor is bascMi 
on systematic researches on the indigenous drugs which the author has 
conducted for many years. This information lias not been coUix^ted previ¬ 
ously and IS now made available in a compact form, hence the volume forms 
an important contribution to the science of pharmacology. 

Although the sciciitifio merits of the volume are high, yet the discussions 
on the economic aspects of the drug supply of India are of even wider mterest 
because it is rare to find any general consideration of such subjects. The 
nature of the problem that requires solution is well illustrated by the aocxiunt 
given regaarding the supply of anti-malarial drugs to India. Tlie consumption 
per head per annum of qumine in India is only 3} grains as compared with 
corresponding figures of 24 grains in Greece and 16 grains in Italy. The 
reason for the low Indian consunqition is tliat the great majority of sufferers 
from malaria do not receive treatment, mdeed it is estimated that over 
100 million persons in India suffer from malaria but that only 8 million 
receive even partial treatment. The annual consumption of quinine in 
India is about 200,000 lb. but the actual needs of the population are estimated 
to be at least one million lb. The reason for this failure in the treatment 
of malaria is that the cost of qumine Is greater than the indigenous population 
can afford, and the author shows that the only remedy is for the Government 
to concentrate on trying to organise a supply of a potent anti-malarial drug 
s-t the cheapest possible price. 

The author shows tliat a similar problem arises regarding many other 
WMantial drugs and draws the general conclusion that Western medical science 

N 
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haa developed along lines that are not wholly suitable for the poverty-stricken 
masses of the Indian population. The general trend of Western modioiiio 
has been to develop therapeutics without much regard to the cost of tniat- 
m6nt» for this is always low m comparison with the capital value of a life. 
The substitution of pure alkaloids for crude galenicals is one example of 
this tendency. Tlie mass of the Indian j>opulation is however so poor that 
any expensive remedies are completely out of their reach and therefon^ useless 
€18 far as they lire concerned. The problem in India is not so much U) find 
the remedy that is beat from the point of view of therapfHitic science, but 
rather to tiiul an elTective remedy that is sufficiently eheap to 1x3 available 
to the pationt/S. 

Col Chopra jxiints out that if medical treatment of the Indian pcipulation 
18 to 1 k' developed e^vf'ry effort must l>e made to reduce its cost, and the mam 
purpose of the volume under revuiw is to encourage the utilisation of locally- 
productxi drugs manufactured in a form suitable to Indian nt^xls. 

The author pomts out that India has such a wid(* variety of climak' 
that practically all vegetable drugs can be grown there, but yet the drug 
imports of India mo nearly five times the value of i‘xports. 

Another puriiose of the volume is to discover th(* value of the Ayurvedic 
remedies. This is a difficult problem and the difficulty is incrf^ased by the 
fact that the value of the Ayurvedic system has become to some extent a 
{xilitieal issue. Tlie author tactfully pomts out that this systi'in reached 
its z^mitfi previous to the Christian era and has stagnated or diKjhmd for 
the last 1,600 years. Consequently it is ridiculous to try to establish the 
Ayurvwlic system as a rival to mexiem m^^ioal science. On the other hand 
the system deserves careful investigation because it was <»volvwi by m<m 
of high talent, and probably many valuable drugs, unknown to Western 
raf'tlicme, are contained m its pharmacopoeia. 

Col. Chopra has carried out rt^searches into these drugs for many years 
and mentions a few of the difficulties attendant on such work. Almost 
every plant and shrub growing m India has had ascribed to it some medicinal 
value. Furthermore the mere identification of drugs is ofUm a matter of 
extreme difficulty, for a number of different names an? often applied to a 
single drug whilst sometimes several drugs shan? a common name. Tlic? 
rcjcent discovery of the therai^eutie properties of ephedrine suggests tliat 
the Oriental pharmacopoeias probably contain valuable drugs still unknown 
to the West. Unfortunately such valuable drugs form a very low {xtreentage 
amongst a mass of useless preparations, and the task of finding them is 
8<?vere m the extreme. 

Col. Cliopra is to be congratulated on his devotion to this s<*lf-imjx)«©<l 
task and on this book which summarises and justifies his labours. 

A. J. C. 

Constitution and Hsalth. By Raymond Pkaml, Profimor of Biology in 
the Johns Hopkins University, Baltimore. [Pp. 97, with 6 plates 
and 4 figures.] (London ; Kc^an Paul, Trench, Trubner & Co., Ltd., 
1933. 2s. 6d« net.) 

This little miniature is an inspiring account by an enquiring biologist searcliiug 
for a relation between constitution and health. 

The author regards “ constitution,” the total make up or “ is wliat he 
is,” as the result of combined hereditary and environmental factors; it is 
known directly from measurement of tlie individual and indirectly fhnn 
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the measurement of his kin. Owing to the number of variables involved 
and their ephemeral nature, it is difficult in the present state of our know¬ 
ledge to make a comprehensive valuation of the individual make up. 

To study the relation bi*tweon human fonri and human nature “ bodily 
habitus/' regard<>d as an index of the constitution, was selected, and measure¬ 
ments wem made of the primary and secondary axes of the body mdicatuig 
resjiectively the typos known as “ asthenic ’’ and “ pyknic," with innumerable 
forms betwmm the extrf3rne6 of thes<^ ty|X'8. 

A sample of 290 white women distribiiUxi according to age, bodily habits, 
and gt'neral health, gave 0*2 astht'nic, 0 25 pyknic and over 0-6 intormtHijate. 
In 7H 6 jier cent, the general health wiis excellent, fair in 13 1 per cent., 
and poor in only 8 3 p(*r cent But none of differences m general 

health m the wweral Ixiciily habitus tyfies could lx‘ regarded as sigmticant; 
thi'y are not greater than might bt^ expt^cted m random sampling. 

The author insists that the 8<'iene,»' of constitutional mixlicme and path¬ 
ology is st/atistical and requm^s th(^ obst*rvation and measurement of the 
human orgiuusrn m rt^sjx^ct of both structural and functional characters. 

P. J. 

The Spread ol Tumours in the Human Body. By R. A. Wxixis, 
M.D , B »S., D.Sc , MeIlK)um(» lPj>. x -f t540, with io3 illustrations.] 
(London : J. A A. (^hurchill, 1934. 25^. net.) 

This volume is a valuable addition to the lit<*rttture on cancer. It comprises 
on extensive revi<*w of prt^vious work on thc^ sprtxiti of cancer and relevant 
problems, mUirpri'Uxl m the light of the author’s own work, which has m- 
(‘iudiHl 323 autopsies in ca«<'s of malignant distnise. Those were performed 
** with the H|>ecnal objcxst of ascertaining os completely as possible the modes 
of ext-imsion of the tumours and the situations of their raetastases," 

The b(X)k is divided into two ports. The first deals with more general 
osiiocts of the subjwt, and the second descnlx^ the ts>condar>^ uooplastic 
duMMise of each individual organ or tissue. Apart from the value of the book 
as a work of reference, many of the topics discussed are of general interest 
to all students of maLgnant growth. Thus there ore sections devoted to 
the discussion of the peculiarities of the distribution of metastatic neoplasms : 
thc^ relation botwwn malignant cells and then: stroma : the problem of 
nerves in tumours and their H)gnificane(% also the possibility of the inner¬ 
vation of tissues influencing tumour growth in ih<*m. Tlien we ai*e reminded 
agiiin of the challenge prosentinl by rare, mexplioable, yet highly sig¬ 

nificant cases of sfxmtnncM^us regression of a primary tumour and its 
metastaacHH. 

As Dr. W. J. Perifold says in the general prt^fooc, this monograph “ is 
suitable for systematic study by the pathologist, the surgeon, and the cimcer 
research worker.’* 

K. J. Ludfouo. 

Inbaritod AbnormaUties of ihm Sldn and ita Appandagaa. By 

E. A. CooiCiiYNE, D.M., F.H.C.P., Physician to the Middlesex Uospital. 
[Pp. X -f 394.] (London : Oxford Uiiivomity Press, 1933. 32s. not.) 

The nature of the “ seed,” ♦.«. the extrinsic causes of disease, and devising 
means for overcoming them, have been the mom task of medical resoaroli 
»inc© the pioneer work of Pasteur. The many benefits to humanity which 
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have resulted from this concentration of effort are universally aoknowiedged, 
but, until recently, its imperfections have not been widely appreciated even 
in the medical profession. Owing to the work of some physicians, headed 
by Sir Archibald Garrod, the medical profession is recognising that an effort 
must be made to fill these gaps m its knowledge by studying the intrinsic 
causes of disease, the “ soil,” m correlation with those of the “ seed.” In 
attacking this problem one method, which gives great promise of atiooess, 
18 to study the mfluence of heretlity m the cause and process of disease. 

Owmg to their visibility, the inherited defects of the skin ore readily 
detected by the patient and diagnosed by the doctor ; thus knowledge of 
the influence of heredity in disease of the less accessible internal organs will 
be built upon tlie accurate measurements of the dennatologiat. Dr. Oxjkayne 
has jierformed a most valuable service in compiling. iinal>^ing and classifying 
a large store of information of human ectoiiermal defects, the origin of which 
IS known or alleged to b#3 duo to heredity. Thi^ dcwjription of each lesion 
bears the imprmt of the author’s personal expemmoo and critical mmd, is 
illustrated by tables of statistics onii pedigrees, and ih fumishfKi with an 
adequate^ bibhography. When the data prtHjludi* a definition of the plan 
of inheritances Dr, Cockayne indicates what additional information is r<H|uired 
and how it may be procured. To guide tlw' demiatologiat in recording 
accurate and detailed family histones the author explains the plan of men- 
dehan inheritance^ m an intoUigiblo and liberally illustrated mtrcxiuction of 
49 pages. For this purpose Dr. Cockayne doubtless would have incorporated 
the valuable pamphlet issued by the Eugenios Society, ” How to prepare 
a family pedigree ” (pnoe 6d.), had its publication preceded that of his own 
book. A comprehensive subject-mdex completes a pioneer work of higli 
merit, in the construction and furnishings of which the author and the 
publishers are to l>e warmly congratulated. 

Tom Hark. 

PHILOSOPHY AND THE HISTORY OF SCIENCE 

The Difhision of Cudture. By G. Ejluot Smith, M.A., M.D., Litt.D., 
D Sc., Ch.M., F.R C.P., F.R.S. [Pp. x -f 244, with 19 figures.] 
(London : Watts & Co., 1933. 7s. 6d. net.) 

Professor Elliot Sbuth is like the celebrated sailor giving evidence in a court 
of law : ” Did 1 say the horse was fifteen fc^ high ? Then if I said so, 
I sticks to it.” Professor Elliot Smith once said that all civilisation came 
from Egypt, therefore m the face of overwhelmmg proof to the contrary 
he sticks to his original statement. Though it is possible sometimes to 
admire the tenacity which refuses to acknowledge defeat, that tenacity can 
be earned too far in mtellectual matters. Professor Elhot Smith has never 
appeared to realise that aroheoology has always recognised intercourse be¬ 
tween nations and countries; but no archieologist, least of all an Egypt¬ 
ologist, can admit that civilisation emanated from Egypt alone. Egypt 
contributed her share, but she received as much as she gave, and the large 
number of foreign arts imported into Egypt, even in prehistoric times, axe 
proof of this. The inaccuracy of the author’s statements, which he offers 
as proof, annihilates his arguments. Take, for example, his statement as 
to mythical moMters on p. 188, ” llie earliest evidence of a composite 
the ago of which can be estimated, is the representation of the goddess 
Hathor on an Egyptian slate-palette of about 8400 B.O. She is shown as 
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s woman equipped with oow’« oars and horns. On tho same palette the 
king is shown as a falcon with a htmian head.'* In these three sentences 
there are at least four mistakes or misleading statements. The earliest 
examples of tho “ composite animal/’ and they are many, come from the 
paliBolithic caves in France and England. The head on the slate*palette 
has a bufialo’s (not a cow’s) horns, and thcTc is no proof that it represents 
cither a woman or tho goddess Hathor; the idontihcation is conjectural 
and still imoortain. Tho falcon has a human arm, not a human head ; the 
human'headed falcon dcK« not apjiear till many conturios later. When the 
ovidancM^ for the author's favourite dogma rests on maoouraoies so glaring, 
oommemt is neodl«388 

M. A. Murray. 

A Record ot the Scientific Work of Sir James Dewar. Printed 
for private circulation at the Chiswick Pn^ss, London, 1933. [f'p- 

5$, 

Mr. Henry Young has performed a um^ful sc^rvioo in compihng this classified 
bibliography of tho scumtifio writings of the late Sir James Dewar. The 
list of Dewar's papt>rs m tho Royal Society's Catalogue of Scientific Papers 
IS incomplete, ns the Catalogue ends with the year 1900 ; and although the 
papi^rs themselvi^ can be oonsultod m the Collected Papers of Str James 
Dewar (1927) and tho Collected Papers on Spectroscopy (Liveing and Dewar, 
1915), these volumiMA are not always accessible. A st^^mrate hand-list of the 
titl(«i of the papers, with tho refi^rences to them, has obvious uses. 

Mr. Young has addtxi some brief biographical notes and referenoi« to 
the writings of others on Dt'war and his work Wliile tho full biography 
of Sir James D<»war remains unwritten, these notes are likely to be particularly 
useful. They serve as a guide to the scattertxi sources of mformation on 
tho life of this distinguished exjK'nmenU^r, whose researches constitute one 
of the brilliant chapti»rs in the history of the Royal Institution, where ho 
lived and workixl for forty-six years. 

T. M. 

Richard Trevithick. The Engineer and the Man. By H. W. 

Dicxinson and Arthur Titley. Trevithick Centenary Comraomora* 
tion Memorial Volume. (Pp. xvii -f 290, with 18 plates and 41 
figures.] (Cambridge ; at the University Press, 1934. 10s. 6d. not.) 

The Trevithick Centenary Commemoration Committee decided os one of its 
aims to publish a memorial volume, and the jomt authors of this work are 
to be congretuiated upon tho painstaking car© with which they have ap¬ 
proached their task, asocmiblcHl the data and presented it in a most readable 
form: indeed it appears to have lieen in rtsUiiy a labour of love. 

Francis Trevithick, the son of Richard, had published in 1872 a two- 
volume work dealing in considerable detail with the life of his illustrious 
father, but the new liook, though based largely on tho earlier one, will appeal 
to a far wider public—to students of human nature as well as to the enginoer. 
It is as impossible to summarise briefly Richard Trevithick’s inventions as 
to weigh up with accuracy his persona! character, and tliough, in regard to 
the former, Trevithick has frequently been spoken of as the father of the 
locomotive, it would in reality bo more true to claim him as the father of 
tiie high-pressure steam engine t it was for steam he lived, fought and died. 
It i» correct to state that he designed the first locomotive* the suooessfril 
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triak of whicli took phioe at Pen-y-daren on February 21, 1B04, and tliat 
the first satisffic^tory trial with a roa<l locomotive of Trevithick’s design was 
at Cambonie on Christmas Eve, 1801, but Richard Trevithick, himself the 
son of a mining engineer, was first and foremost a mining engineer, and 
neither his first nor his last lovo was locomotion. His pumping engines, 
far superior to those of Boulton and Watt, with which finn his relationship 
was always strained, were r(*sjionsibio for saving the Coniish mining industry 
at a crucial tim(% wliilst his efforts in d<‘V(*lopmg the silver mines of Peru 
which ended so disastrously thanks to the overtlirow of thi^ Hpanish rule 
by Bolivar, and hia chance nKM'tmg with young Hobc^rt Sti'fihonson in the 
Cartagena inu, fonn what to many will doubtless be tlu^ moat fascinating 
Ht^etioii of this attractive l>ook 

Trevithick’s t‘xp(Timents in ship propulsion by jMiddle whc'cls and later 
by a scre\^, as w<*ll as hia activities m jiortable liouse Ix'nttTs, dredging, 
salvage, ordnance, factory and agricultural power plants, unloading ships* 
cargoes and the Thames Tunnel will probably come as a surprises both as 
to thtar variety and as to their numbia With many faults, of which pi^rhaps 
the worst was overpowering optimism, Ri<‘hard Trtwithick pos8€^s8«»d a most 
attractive {lersonality : large lu 8tatur(% generous and with an extraordinary 
aptitude for takmg decisions rpiickly, ho had but little patu^nce and could 
not suffer fools gladly Rich at many timc^^ but destined to lose everything 
as often, his petition t/O Parliament for financial aid in 1831 was unavailing; 
** I find that Mr. Hpring Rice cannot get the Lords of the Tn^asury to agret' 
to remunerate or assKst me m any way ” ore the jiathetie words in one of 
his letters, and in another in regard to the refusal to provide stimm gauges, 
“ So obstinate is John Bull that nothing short of an Act of Parliament will 
compel him to ki'cp las brains safe in his own skull.” 

The authors tell Trevithick’s story largely m his own words by his corre¬ 
spondences—they could not have made a blotter choice. This lx>ok, admirably 
produced, with excellent reproiiuctions of hm rough sketchi^, a good index 
and bibliography, together witli a pedigree of the family, connected with en¬ 
gineering for five generations, should be read by all who desin^ light on tlio 
inventive and scientific mind : by that means alrini' can the country be 
safeguarded agamst the possibility of the present inventor receiving as little 
consideration, encouragement and fiimneial aiii as did Trevithick. He ditsi 
almost in povert.y a hundred years ago, but his di'sec-ndants have kept bright 
the name of Trevittuck as notable engmeerw. 

C. E. R. Bhkbbinoton. 

Tlxe Heroic Age of Science. By W^ A Hridkl. [Pp. viii -f 204.] 
(Baltimore : The Williams & Wilkins (Company, for the Carnegie 
Institution of Washington, 1933 ; London : Bailli^re, Tindall & Cox. 
12 ^. 6d. net.) 

In thm book, the author has sought ” to illustrate by exampl(«, drawn 
generally from the broad field of Gnxik thought, the conception, ideals, 
and methods of soienco.” In those brave days, when the world of scientific 
thought was young, the pioneers were less tramiraJIcxl tJian their modem 
successors in framing gallant th«-oru?H to explain difiicult problems. One 
would wish to know how far those theones were the result of brilliant in¬ 
spiration, how far the outcome of logical thought, to what extent based 
on or checked by experiment. Such questions Professor Heidel attempts 
to answer* 
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The dietmction between philosopher and soiontist was lees frequently 
drawn in ancient Greece than it is to-day, and almost half the book is 
occupied with considerations about the laws and processes of thought. The 
author seems to have some slight misgivings (p. 87) about the length of this 
introduction, which will not prove easy readmg for those who are not trained 
m philosophy. 

The final section, on “ Experimentation,” is likely to appeal to the 
working scientist as the most interesting part of the book. The author 
justly points out that the doaire of the Greek writers to present a rounded- 
c>ff account in logical form usually mvolved an omission of most of the 
exponmental details. ” The nioords of experimentation among the Greeks 
ai'o clearly not representative of their practice.” He has been remarkably 
Huecessful m drawing forth what is hidden, and we are prepared to ogrcje 
with his conclusion that ” in thf» later centuries of ancient Greek history 
cx|K^nrnent8 m physics and other branohoe of science wore being constantly 
made.” The work irnpresse® the reader as Ix^ing the result of long and 
profound study of the scattered literature of Greek science. 

A table of the approximate dates of the writers quoted would have 
added to the utility of the liook. It is well produced, and mispnnts are 
rare, although, oddly enough, two of those noticiKl by the reviewer occur 
m a single luie on p. 100. 

K. C. B. 

The Lamarck Manuacripta at Harvard. Edited by W. M. 
Whkklkr and T. Barbotjr. (Pp. xxi + 202, with four plates.] 
(Cambridge, Mass : Harvard University Pr<^s. London ; Humphrey 
Mdforti, 1933. 12$. 6d. not.) 

This book contains the French U'Xt and English translation of six holographic 
manuscripts by Lamarck in the library of the Musouin of (’’omparative 
Zoology at Harvawl. The first is of a li^cture on Galfs system of phnmology , 
the second eensists of two articles subsequently published in a Dictumary 
of Natural History, one bi^ed ” idea ” and the other ” imagination.” They 
are partly psychological and peurtiy epistemological. The third monusenpt 
is entitled Apper^^u Analytique des Gonrwissances Hwnatnes, and also forms 
part of a subsequent publication. The fourth consists of eleven “ zoological 
questions ” and the fifth is a driift of a portion of the first edition of Lamarok's 
history of invertebrates. The sixth and last manuscript is a fragment of 
a report of a botanical excursion. 

The editors liavo added an introduction m which the history of the 
manuscripts is discus«Mjd and some |>articularB of Lamarck's life are given. 
It also includes a long quotation from an article by F. G. Crookshank in 
which the psychological pcxjulianties of Darwm and Lamarck are speculated 
upon and compared. 

J. H. W. 

MISCELLANEOUS 

Heredity and the Social Problem Group. By E. J. LiDBKmgR. 
Vol. I. [Pp. 160, with 26 diagrams.] (London; Edward Arnold & 
Co., 1933. 21s. net.) 

This book is the first volume of a series presenting detailed records of a 
number of family groups of the class which seek Poor Relief. They have 
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been collected with special refemioe to the hereditary aapeot underlying 
destitution; the object being to show that such exists* and to provide the 
information necessary for studying it, rather than to prove any particular 
contention with respect to the relative importance of nature and nurture. 
For this reason all but the bnefost attempt to draw conclusions from the 
facts has been postponed until the series is complete. 

The work is based on a vast mass of matenal collected by the author 
and a number of voluntary helpers in a selected poor law area m East 
London between 1910 and 1928. Though brought to a standstill during 
the War, the inunensity of the task actually aceomphshed by Mr. Lidbetter 
cannot fail to strike every reader of this book very forcibly. There is no 
doubt that he has amassed a mine of information to winch social workers, 
eugonists, and geneticists will be able constantly to turn ; nor will they 
easily exhaust its resources. 

The present volume contains twenty-six pedignv^ Tliese have been 
arranged with short introductory notes and tabulated statistics ; but the 
main body of the work consists of the diagrams, printed on large folders, 
which illustrate each of them. These emliody an excellent system of sym¬ 
bols from which it is possible to determine not only the relationship within 
each group, but a considerable amount of other necessary information. 
Thus the sex, nature of chargeability, the mental state, anil the occurrence 
of certain diseases and disgenic tc»ndencioH can be ascertained at a glanoi^ 
for every individual tabulated. Those about whom no particulars are known 
are carefully markcKl, and tlieir ndative rarity is a tribute to the thoroughness 
of the mvestigation. 

Among the more important results tMihieved, is the demonstration that 
families in which mental doficiancios appear tend to intf^rmarry. As pointed 
out by the author, this may help to explam the striking variety of forms 
which the inherited tamt assumes in related mdividuals. For the drift 
towards homozygosity which follows from inbreeding will cause the segre¬ 
gation of various leoossives. It i« also to he noticed tliat even the same 
genetic factor may have different effects in ilifferent internal environments. 

Tlie data presented in this book can leave no doubt that heredity plays 
some part m brmgmg members of the community to the asylum and the 
workhouse. Those who believe that all men would be equal if given equal 
chances would do well to consult it before disseminating such a doctrine. 

E. B. F. 

Inland Waters of Africa. By S. and £. B. WoRTHmoTOK. [Pp. 
xdx + 269, with 40 plates, 13 figures and a map.] (London : Moo- 
millem A Co., Ltd., 1933. 16^. net.) 

Db. E. B. Wobthinoton has taken part in two expeditions to the lakes 
of Central and East Africa, each lasting for a whole year; on the second, 
which he led, he was accompanied by his wife. The primary objixit of the 
expeditions was to study the fisheries of these lakes and to see what im¬ 
provements could be effected, but m order to understand the fishes the whole 
fauna of the lakes had to be investigated, and in order to understand the 
fauna the physical and chemical features of the waters and even their poet 
histories were explored. Moreover, as the success of a fishery depends 
very largely on the fishermen, a large amount of information was collected 
abemt the native populations of the regions in question. In the volume 
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under review, the Worthingtona give a popular aooount of their travels. 
The moat valuable chapters are those m which the authors present the 
soientifio results of the expeditions. They describe very fascinatingly how 
ail the different animals in a lake depend on each other, bemg linked 
together into “ food-chains ** m which each link devours the next; they 
explain clearly how the post history and gcH>logieal entourage of a lake 
determine its fauna; tlioy show that now Hpecu^s of fish can evolve m lass 
than 16,000 years. But the scuintific story is enlivened by countless little 
antx^iotes tliat give the picture additional colour—a lierd of elephants tear¬ 
ing up banana trees for fun—^a little ship caught in a storm on Lake Victoria 
with her port-holce open—a local chief in “ a garment looking like a night¬ 
shirt but reaching to the ground, over which ho wore a black-and-white 
check Norfolk jacket —a hitherto unexplored island on Lake Rudolf, 
whose basking, ^h gorgfxl crocodiles “ scarcc^ly deigned to look at us unless 
we kicked them.’* Forty {>ages of phot-ogmphs, mostly taken by the authors, 
complete a very amusing account of a first-rate piece of ecological in¬ 
vestigation. 

G, P. Wells. 


The Homaiioe of Research. (A Century of Progress Senes ) By L. V. 
Redman and A. V. H. Monv. (Pp. x 4 149, with 6 figun^s.] (Balti- 
morf5; Tlie Wilhams A Wilkins Co. London : Bailhere, Tmdall <k 
Cox. 1933. 6«. net.) 

This little volume, written largely from the |>omt of view of a citizen of the 
United States, gives a brief outlme of the origins and d(wt*lopniont of scientific 
research mamly as applied to the improvement of the material welfare of 
humanity. It w attractively writUm, froi> from tochiucalities and more for 
the general reader than the scientific spcxiiahst. Perhaps the most interesting 
part of the book is (?hapU>r X, which deals with the economics of researcli, 
explaining the appreciable lag b<3twtM»n increased expenditure on the investi¬ 
gation and adaptation of a new process and the n^turns consequent theriHon. 
As Lord Rutherford sait.’ m a recent address, Amencwuis ore more scientifically 
mmded than the people of this country, and this book is therefore unlikely 
to come into the hands of those in Britam who should read it, namely the 
manufacturers and proilucers who, with some notable exceptions, have but 
the vaguest ideas of the mfluenco of research on every aspect of life, not 
excluding that of making profits. 


0. L. B. 
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1932 —AND AFTER: THE NEW PHYSICS OF 
THE NUCLEUS 

By N, FEAmp^H, Ph.D. 

Trmuy CoU^, Cambridge 

To those instructed and kept informed almost entirely tlu'ough the 
medium of the popular press, 1932 must doubtless have appeared as 
the first year of a new era in physical science. There is, of course, a 
measure of truth in this judgment, but there is a great deal more of 
exaggeration. Since 1932 fundamental research has been abun¬ 
dantly fruitful of new discoveries over a wide field—herein is the 
element of truth, the exaggeration lies in the over-emphasis on 
novelty and the failure to appreciate the extent to which successful 
scientific research, in almost all oases, draws upon the past for its 
inspiration. New discoveries appear in the course of time, very 
rarely with a “ Lo hero ! ” or, “ ho there! ”, but rather by diffused 
advance from many sides, until somewhere or other the offensive 
breaks through and all available forces are thrown in to consolidate 
the position newly gained. 

In this article then, although its chief concern is with the more 
important results of recent experimental work in the domain of 
nuclear physics, it will be necessary to devote some time to a con¬ 
sideration of work of an earlier date and a wider variety of content. 
If these excursions axe not suggested by our title, ^e need for 
brevity there must be the excuse, only the title which has been 
adopted must not be taken as implying in the writer that variety of 
epochism which is apt to afflict popular historians—of science, or of 
any other branch of human activity. Against the falsity of such 
epochism we have already inveighed. 

January 1932, without being epochal, does, however, provide a 
most convenient date firom which to follow the ever-quickening 
advance of nuclear research, and our first concern will therefore be 
to sketch as briefly as possible the state of affairs at that time, by 
presenting, in little, the conceptual scheme in terms of which 
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Boientists sought to describe—or explain—the phenomena of atomic 
and sub-atornic order as they were then ki^own. To these scientists 
matter in the gaseous state, in the ultimate chemical analysis, con¬ 
sisted of molecules, themselves formed each by the union of a small 
number of atoms according to established rules. In the solid state 
and to some extent in the liquid state, also, there was not the same 
simplicity, that is to say the'same absence of grosser structure, but 
again chemical atoms might be regarded as the ultimate structural 
units for most purposes. Although some two hundred or more 
difiFerent species of atom had been recognised—and this was obviously 
a very incomplete list, from the point of view of the chemist there 
were natural groupings of different species so that only about 90 
distinct chemical “elements ” were known—and hero, by contrast, 
there was some reason to suppose that 92 represented the maximum 
number of distinct elements likely to be discovered. The physicist, 
extending the analysis one stage farther, regarded the atom as an 
electrical structure with which mass was associated, one general type 
of structure being common to all atoms. The greater part of the 
atomic mass was concentrated in a minute nucleus having a resultant 
positive charge, whilst a distribution of negative “ electrons ” in 
motion around this nucleus accounted for the remainder of the mass. 
These negatively charged particles—the electrons—were identical in 
nature from atom to atom, their number in any atom being just 
sufficient to balance the positive charge on the nucleus, which charge, 
on this account, was restricted to integral multiples of the funda¬ 
mental electron-unit. The maximum charge found, on the heaviest 
known nucleus, was 92 times this unit, the minimum charge exactly 
equal to the unit. Here, then, was the “ explanation ” of the 92 
chemical elements. The nuclear charge determined the number and 
arrangement of the extra-nuclear electrons—the “ atomic number ” 
—and, almost identically, their energies of binding to the nucleus. 
Chemical properties were determined by the arrangement and, in 
quantitative detail, by the binding energies of the outermost elec¬ 
trons ; but, as stated, this arrangement and, to a very good approxi¬ 
mation, the binding energies were independent of the mass of the 
nucleus, for a given charge. The distinction between the diffisrent 
species which occurred grouped together in nature in a siirgle chemi¬ 
cal element—as “ isotopes ” of that element—was primarily this 
chemically unimportant distinction of mass as between the nuclei of 
atoiTM of one species and those of atoms of another. Moreover, it 
was foimd possible to choose a unit of mass such that the nuclear 
masses of all atomic species were very rrearly integral multiples of the 
chosen mass. The discrepancy, however, was in many oases well 
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beyond experimental error and it became convenient to discriminate 
betv^n nuclear mass and nuclear “ mass number.” The former 
was the exact mass in terms of the chosen unit, the latter number 
was the integer to which the number expressing the exact mass very 
nearly approximated. Given the occurrence of groups of isotopic 
species and the nearly integral nuclear masses, it was natural to 
regard the nuclei themselves as built up, on a common struotural 
plan, from positively chaiged constituents identical with the nucleus 
of the hydrogen atom (as a simplest assumption) and electrons or 
else particles of a single kind (again as a simplest assumption) having 
mass—necessarily very nearly equal to, or very nearly a sub- 
multiple of, the mass of the hydrogen nucleus—but possessing no 
charge. Moreover, since there was no direct experimental evidence 
at the time for the existence of these hypothetical uncharged 
particles, the foraoer supposition alone was generally current. It 
was modified only by the assumption that there might occur in 
complex nuclei nuclear sub-groups themselves constituted of the 
elementary particles. There was experimental evidence, so it 
seemed, not only for the presence of electrons and hydrogen nuclei 
as constituent particles in the nuclei of other elements, but also for 
the occurrence of at least one such sub-group as a structural unit. 
This sub-group appeared to be identical with the nucleus of the 
helium atom, and thus to be constituted of four hydrogen nuclei 
and two electrons. It was found to be emitted spontaneously with 
great velocity from the nuclei of certain heavy “ radioelements ” 
and, under suitable circumstances, to be capable of assimilation in 
the nuclei of a number of lighter elements from which, in general, a 
hydrogen nucleus wat in consequence released. Likewise oases of 
the spontaneous emission of high-velocity electrons from heavy and 
from certain medium-heavy nuclei were well established. It is when 
particles, satisfactorily named for other purposes, possess high 
velocity and so in virtue of their kinetic energy are endued with 
exceptional properties that it becomes convenient to assign other and 
more individual names to them. This contingency had arisen, Icaig 
before 1932, in the case of the nuclei of hydrogen and helium, as may 
be seen from the above account. The names adopted for these 
partiolee in this connection were, for the hydrogen nucleus, 
” proton ”; for the helium nucleus, ” «-partiale.” EUeotrona 
spcmtaneously emitted from nuclei fall into mu^ the same category. 
Such electrons were renamed /S-partioles. Returning to the heavy 
nucleus, one necessary omidition for the acceptance of any proposed 
structure in terms of smaller units was that the mass of the nucleus 
should be less than the sum of the masses of the constituent particles 
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in the free state. This “ mass defect ” was a measure of the total 
energy of binding of the particles in the nucleus, the conversion 
frujtor as between mass and energy in absolute units being the 
measure of the square of the velocity of light in the system of units 
employed. The condition of a positive mass defect was easily ful¬ 
fill^ by the suggested structures which employed protons, electrons 
and a-particles as structural units. 

One portion of the conceptual scheme has now been described, 
the entities involved having had this in common, that so far they 
have been characterised by mass and electric charge, only. Now the 
scheme was designed to describe phenomena of atomic and sub¬ 
atomic order and these phenomena involve, in many cases, trans¬ 
formations of energy which cannot be formalised entirely in terms of 
the kinetic and potential energies of material particles. An addi¬ 
tional concept was required for their description. From rather 
vague beginnings in the early years of the century the concept of the 
quantum of electromagnetic radiation had developed and become 
definite, again long before 1932. According to this view, whenever 
the potential energy of an isolated atom was in excess of the mini¬ 
mum value characteristic of that grouping of structural units, then 
eventually the additional energy would be radiated as a quantum 
(or several quanta) of radiation. It was possible, further, to localise 
the region of excess energy and to speak of the quantum as emitted 
from the extra-nuclear electron structure or from the nucleus. 
Certain cases were known of nuclei emitting quanta spontaneously 
within a short interval of time after the ejection of an a-particle 
or a ^-particle. These quanta, and generally all quanta emitted 
by nuclei, under whatever circumstances, wore termed quanta of 
y-radiation. ITie energy of a quantum was propagated with the 
velocity of light, and although the propagation had many of the 
characteristics associated with wave motion on classical theory—^in 
that frequency and wavelength had a definite meaning in this con¬ 
nection—there was the corpuscular aspect, also, that at any stage 
in the propagation the total amount of energy which was emitted in 
the original atomic radiation process was available for transforma¬ 
tion, through interaction between the quantum and an atom, into 
kinetic or potential energy of particles. Likewise it had come to be 
accepted that, when energy was propagated as the mass of particles, 
the same two aspects of the propagation were again relevant; the 
corpuscular aspect alone had been considered in classical mechanics, 
the wave aspect became important for sub-atomic particles under 
certain conditions of separation and relative velocity. 

At this stage, when the conceptual scheme has been developed 
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until most questions oonoeming the physios of atoms and radiation 
can be dealt with within its framework, we may well leave it, 
emphasising again the reasons which have prompted its presentation 
in this form. It was necessary to indicate, as briefly as possible, the 
situation to which research in the fleld of atomic and sub-atomic 
physios had led by the end of 1931. It was obviously impossible to 
describe, from the experimental side, the various lines of investiga¬ 
tion which had been pursued and it was therefore decided to suggest, 
instead, the current modes of thought and expression adopted by 
physicists, making some attempt to define those entities in terms of 
which they most frequently discussed the significance of the direct 
results of their experiments—spectra obtained upon photographic 
plates, readings of electrometers, oscillograph records or cloud tracks 
in expansion chambers. The conceptual scheme to which a scientist 
holds is at no time final, he does not make the claim that the struc¬ 
ture of Nature is after such and such a pattern, but merely insists 
that he can satisfactorily correlate the results of most, if not of all, 
his experiments by the help of this pattern. At this stage, then, we 
may proceed to particularities. 

Radioactive elements provided the first evidence for the break-up 
of atomic nuclei and a study of their radiations indicated the order of 
magnitude of the energy changes involved in such processes. The 
successive transformation theory of Rutherford and Soddy, put 
forward in 1903, long antedated the nuclear model of the atom, but 
it fixed upon the essential truth that an atom of a distinct chemical 
species invariably results when a radioactive atom disintegrates with 
the emission of a particle—whether a-particle or /^-particle. This 
fact we may now fora'alise by writmg a nuclear equation to represent 
the disintegration. Thus for the disintegration of an atom of radium 
we should write 

Ra**« « Rn*»* + He* + E.(i), 

where superscripts are the mass numbers of the nuclei involved 
(atomic numbers might be inserted as subscripts, but are here 
omitted, since they are unambiguously specified by the chemical 
symbols themselves) and E indicates the liberation of energy in the 
process. This energy is in the form of kinetic energy of the a-partiole 
and recoil nucleus, except in a small fraction of the oases in which 
about 4 per cent of the eneiigy is emitted in the form of a quantum 
of y-radiation. If the symbols with superscripts represent the exact 
masses of the nuclei then (i) becomes a true equation between 
quantities, when E represents, in mass units, the amount of energy 
liberated. In what follows nuclear equations will always be under- 
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stood in this sense. Equation (i) is that of a “ first order ” nuclear 
reaction—radioactive disintegration is spontaneous. 

In like manner by use of the high energy particles emitted in 
radioactive transformation the first example of the disintegration of a 
normally stable nucleus was observed. In 1919 Rutherford detected 
the protons produced in the disintegration of nitrogen by a-particles. 
We should now write 

N“ + He‘ + Ea - O*’ + H* + Eb + Ep 
or 

N»* + Ho* = 0‘’ + H‘ + Q.(ii), 

since it is found that for all such disintegrations E]^ + Ep — E, 
has a constant value. These three quantities are the kinetic energies 
of the recoil nucleus (oxygen, of mass number 17), the proton and the 
a-particle, respectively. It will be noted that equation (ii) is that of 
a second order nuclear reaction. With present resources it seems 
quite impossible that third order nuclear reactions should be studied 
in the laboratory. 

Between 1919 and 1932 a great deal of attention was paid to the 
cases of artificial disintegration produced by a-particles. With a 
few important exceptions, all the elements of atomic numbers 5 to 18 
(that is, the nuclei of one species, at least, for each element) proved 
susceptible of disintegration. In each case a proton was emitted, 
but the conditions of disintegration were not always as simple as 
those found to hold for the disintegration of nitrogen. In particular 
we may say that the quantity Q in the nuclear equation 

X* + He* = Y*+* + H‘ + Q.(iii). 

instead of having a single value only, with certain elements would 
assume one or other of a small number of discrete values depending 
upon the individual disintegration process for which it was calcu¬ 
lated. Since the sum of the masses on the left-hand side of equation 
(iii) is a definite quantity, different values of Q must imply different 
values of ¥•* the mass of the resultant complex nucleus, if it be 
assumed that the mass of the proton is always the same. In other 
words, the nuclei as formed in this process, must sometimes 

possess energy over and above the normal. Now it was not to be 
supposed that such an “ excited state ” could persist for long in a 
complex nucleus and evidence was soon forthcoming that, where 
excited nuclei were formed as a result of disintegration, nuclear y-rays 
were also emitted. Bough measurements on the absorption of this 
radiation seemed to show that the energy differences Q, — Qi, etc. 
deduced from observations on the proton emission were, in fact, the 
quantum energies appropriate to the y-rays observed. This agree¬ 
ment strengthened the supposition that those nuclei, which, follow- 
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ing the disintegration, had been left in a state of excitation, very 
quickly got rid of their excess energy in the form of radiation. This 
behaviour is exactly analogous to that of radioactive nuclei left 
excited in the course of their spontaneous transformations. Now, 
because the close study of the y-rays emitted by such nuclei had 
provided a very extensive body of data, which, if it did not at once 
suggest a quantitative theory of nuclear structure, was at least 
available as a stringent test for any theory which might be proposed, 
about this time physicists were beginning to show an active 
interest in the y-rays emitted from the lighter nuclei under the 
conditions which have l)een described. Due mainly to the smallness 
of the effects, such investigations are extremely difficult; they were, 
however, destined to load to very important developments. 

Before describing those developments one further point must Ijo 
made. Between 1919 and 1932 artificial disintegration experiments 
had been carried out entirely through the use of radioactive sources 
of a-particles. There was the convenience of simplicity in this pro¬ 
cedure and the very real advantage that the kinetic energies avail¬ 
able were much greater than could be obtained by other moans. A 
potential difference of some millions of volts applied to a discharge 
tube is necessary to produce projectiles artificially of comparable 
energy, and this was obviously impracticable at the time. But 
there were other considerations which were having an important 
influence upon events. It appeared probable that the large kinetic 
energy necessary before an oc-particle was at all effective in producing 
disintegrations was intimately bound up with two factors. Firstly, 
on account of its charge, it suffered repulsion in its approach to the 
nuolouB to be disintegrated, and in this way was frequently unable to 
get close enough to that nucleus to influence its stability. The 
proton, possessing only one-half the charge, would penetrate farther 
—roughly to one-half the previous minimum distance—for the same 
kinetic energy. Secondly, the a-particle itself, being a tightly bound 
structure, carried with it very little internal energy available for dis¬ 
integration purposes, even if other conditions for disintegration were 
satisfied. The mass of the proton, on the other hand, being greater 
than the quotient (exact nuclear mass) -i- (mass number) for any 
other nucleus, there was available energy in the form of mass which 
might make for a very efficient projectile, for the purpose in hand. 
As early as 1929, therefore, experiments were in progress at the 
Cavendish Laboratory in an attempt to develop methods of applying 
potentials of the order of half a million volts to suitably designed 
discharge tubes. After three years of continued endeavour these 
experiments bore fruit. 
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However, if even approximate chronological order ia to be main¬ 
tained, we must return to the investigations concerning nuclear 
y-rays which have already been mentioned. As previously sug¬ 
gested, it was absorption measurements, indicating great penetrating 
power, which confirmed the suspicion that radiation of the y-ray type 
was emitted from those elements—such as boron and aluminium— 
which gave rjse to more than a single group of protons under 
a-particle bombardment. But in the same series of experiments 
Bothe and Becker showed that radiation of a similar penetrating 
power was emitted when other light elements were similarly bom¬ 
barded. Thus lithium and beryllium, from which no protons had 
been detected, gave rise to a penetrating radiation These observa¬ 
tions were made in 1930. In the following year (.urie and Joliot 
confirmed this result, whilst experiments being performed by H. C. 
Webster in Cambridge were leading to the same conclusion. In the 
case of beryllium, for example, it was thought that simple capture 
of the a-particle must be taking place with the formation of the 
carbon nucleus, C**, and the emission of radiation, but different 
estimates of the quantum energy did not give concordant results and 
there were obviously unexplained features in the observations con¬ 
fronting any such hypothesis. Then, in January 1932, Curie and 
Joliot showed that this same radiation was capable of communicat¬ 
ing large amounts of energy to hydrogen nuclei, so that protons of 
several million electron volts energy were set in motion by it. For 
some time longer the quantum hypothesis was adhered to, but diffi¬ 
culties only multiplied, until about a month later Chadwick sug¬ 
gested that a particle, not a quantum, was involved. This conclusion 
was rendered probable as the result of experiments showing that the 
nuclei of other light atoms might also receive considerable energy 
through the action of the radiation. This new suj^estion was 
accorded immediate and wide acceptance. 

Quantitative considerations fixed the mass of the particle at about 
unity on the atomic scale and the fact of its great penetration at the 
energies involved showed that it could not possess any resultant 
chaige. This particle was the neutron, very similar indeed to the 
hypothetical unit discussed by Rutherford in 1920. The nuclear 
equation representing its production by the edition of a-partioles on 
beryllium may be written 

Be* + Ho* => C* -t- n' -f- Q.(iv), 

where, again, further research has shown that the energies of the 
neutrons can only be explained by assuming a number of discrete 
values for Q, and thus certain possible excited states for the resultant 
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carbon nucleus. The y-rays corresponding to the emission from 
these excited states have now been detected in the general radiation 
produced in beryllium by a-particle bombardment, and it may 
similarly be stated that the penetrating radiation from lithium, 
boron, fluorine, sodium, magnesium and aluminium consists in part 
of y-radiation and in part of neutrons. The problem of investigating 
the y-rays accompanying artificial disintegration in light elements 
has thus liecome enormously complicated, but this alone does not 
invalidate our original assumption, that eventually this investiga¬ 
tion will yield information of considerable importance. 

Alternative schemes of nuclear structure have already lx)en 
indicated With the discovery of the neutron there occurred an 
overwhelming swing of competent opinion, away from the electron 
and proton as structural units, in favour of a scheme in which 
neutron and proton were so employed. Whilst it is not obvious 
that such a scheme will be successful in taking count of the spon¬ 
taneous emission of electrons from nuclei, we may, for the present, 
shelve this particular difficulty, jKiinting out, in passing, that it still 
remains possible to retain the a-particle as a subsidiary structural 
unit. According to the new schenio the a-particle it4»elf is constituted 
of two protons and two neutrons, whilst the simplest complex 
nucleus would contain one each of these units. It is interesting to 
observe that the discoveries of the neutron and of the atomic sjXKiies 
possessing this nucleus (‘* heavy hydrogen,'' H*, discovered by Urey, 
Brickwedde and Murphy) were announced within two mouths of one 
another. The relative abundance of H ^ and H* in ordinary hydrogen 
is probably about 10^ to 1. 

The a-particle waa regarded as a sub-unit in nuclear structure 
because it was ejected from some nuclei and, under suitable condi¬ 
tions, could be made to enter into the structures of other nuclei. 
There are now equally good reasons for accepting the neutron as a 
nuclear constituent. Certain oases of the emission of neutrons have 
already been discussed , evidence for the reverse process, in which a 
neutron is captured by a complex nucleus, w as first obtained by the 
writer towards the end of February 1932. When the radiation 
from a polonium-beryllium source (polonium in order to provide 
a-partioles with the minimum of accompanying y-radiation) is 
passed through an expansion chamber the cloud photographs 
occasionally show short tracks due to heavily ionising particles— 
these are the nuclei which have been set in motion by elastic collision 
—and, less frequently, pairs of heavy tracks having a common 
origin. Plate I, Fig. 1, is a reproduction of one of the first of such 
photographs. It was the observation of these pairs of tracks which 
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prompted the suggestion that in certain cases the neutron was, in 
fact, causing the disintegration of nuclei. Measurement and calcula¬ 
tion showed this to be the case. The original experiments were with 
nitrogen ; there most of the results can be explained in terms of the 
nuclear equation 

N“ + n* - B" + Ht'* -i- Q .(V). 

The enei^y release, Q, once more appears to be a multiple valued 
quantity and the assumption is involved that more powerful methods 
of investigation will eventually demonstrate the emission of y-ray 
quanta from the excited boron nuclei formetl in the reaction. 
Similar expansion chamlwr experiments have since been made by 
Harkins, Cans and Newson and by other workers. In addition to 
nitrogen, carbon, oxygen, fluorine and neon have been shown to 
suffer disintegration by capture of the neutron and emission of an 
a-particle, whilst there is some evidence that certain nuclei may dis- 
int^ate in other ways, say with the emission of a proton or a heavy 
hydrogen nucleus. In the case of carbon there is very direct 
evidence that an alternative mode of disintegration is possible. 
Chadwick, Feather and Davies have recently published one pair of 
photographs showing three heavy tracks originating in a single point 
in space. It appears likely that in this collision the neutron has 
caused the break-up of the carbon nucleus into three a-particles 
without itself being captured, although the explanation involving 
capture of the neutron is not entirely excluded. A reproduction of 
the two photographs concerned is given in Plate I, Figs. 2 and 3. 

If the extent of our knowledge of disintegration by neutrons, as 
derived from direct observation, is as yet somewhat meagre, there is 
abundant evidence of an indirect nature that almost all nuclei arc 
susceptible of disintegration in this manner. Attention has already 
been drawn to the effect of the charge of the a-particle and the (pro¬ 
portionately smaller) effect of the charge of the proton in preventing 
these particles, except at high eneigies, from approaching sufficiently 
near to heavy nuclei to be effective for disintegration. The neutron 
is afflicted with no such disability. We must, however, postpone 
our discussion of the disintegration of heavy nuclei by neutrons until 
the present chronicle has been brought up to date in other directions. 

A fortnight before the neutron h 3 qK>thesis was put forward to 
account for the properties of the beryllium radiation, Cockcroft and 
Walton announced the successful production of an intense beam of 
protons from a discharge tube to which a potential difference of 
700,000 volts was applied. Eleven weeks later they published the 
results of their first attempt to produce nuclear disintegration by 
means of these particles. This attempt, too, had been singularly 
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successful. Lithium had Iwen chosen as the element to he lK>m- 
barded and subsequent experiments have confirmed the wisdom of 
this choice and the correctness of the suggestion which was then put 
forward to explain the results. We write the nuclear equation 

Li’ + II* Ho* -h He* f Q . . . . (vi) 

to show that capture of the proton in this case results in the jiroduc- 
tion of two a-particles which together possess kinetic energy in 
amount Q over and above the kinetic energy of the proton As far 
as experiment has shown, Q is a single valued quantity ; it has, in 
fact, very closely the value which might be predicted from the accur¬ 
ate knowledge now available coneeniing the nuclear masses of the 
Hfiecies H*, Hc^ and Li’ In the language of chemistry, the nuclear 
reaction represented above is strongly exothermic ; energt'tically it 
would he possible even when the kinetic energy of the proton tecarne 
vanishingly small ('ockcroft and Walton obtained indications that 
disintegration still occurred when the potential difference across the 
discharge tulx* was reduced to 100,000 volts and later work with more 
jKiworful sources has given a jxisitive result lielow 30,000 volts 
accelerating jKitential The reaction remains pi^ssible but the prob¬ 
ability that any individual proton is effective falls off rapidly and 
continuously as its energy is decreased. This is just the behaviour 
predicted by the wave theory of matter , here is a case where the 
wave aspect of the interaction of jiarticles liecomes relevant at the 
exfiensc of the corpuscular asiiect From the experimental jxiint of 
view the result itself, and the manner of its discovery, form an 
interesting commentary on the megalomania of the age—for it 
penetrates into scientific resf'arch also—very obviously the lesson of 
David and the five smooth stones has yet to be taken to heart. ^ 
Here, however, we must return to our subject—the disintegrations 
produced by high-velocity protons, remarking that, if higher and 
higher velocities are not absolutely essential for further success, 
those who trust to this method must reflect with satisfaction that 
their colleagues who do not are faced with the problem of producing 
greater and greater numbers of protons to keep pace with their 
investigations. We must return to our subject—though in our 
digression wo have alreiuly suggested the course which its develop¬ 
ment has taken. In those laboratories where high voltage research 
was already xmder way the general results of Cockcroft and Walton 
were rapidly confirmed ; in many where it was not the necessary 
apparatus was installed with all convenient speed Now one is kept 
continually speculating whether the next results will be annoimoed 
from California or KLharkov—or from any one of a dozen other 
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centres of research. Up to the present only hydrogen and helium 
nuclei accelerated “ artificially ” have been us^ for disintegration 
experiments, but there appears to be no reason why future develop¬ 
ments should be confined to the use of these particles. With helium 
nuclei very little work has been done and no nuclear processes shown 
to occur which had not already been established with the a-particlcs 
from a radioactive source. With protons, on the other hand, there 
has been considerable progress. Cockcroft and Walton first showed 
that the results with lithium were not as simple as they had originally 
announced and later experiments of Oliphant, Kinsey and Ruther¬ 
ford and of Dee (using an expansion chamber in conjunction with a 
high voltage discharge tube) made very probable the conclusion, 
which has since been confirmed by Oliphant, Shire and Crowther, 
through direct separation, that not only the heavier but also the 
lighter isotope of lithium suffers disintegration under proton bom¬ 
bardment. The nuclear equation 

Li‘ + H‘ = He* -f- He* Q.(vu) 

indicates the production of an unknown species of helium and the 
determined value of Q, the energy balance in the process, permits of 
an accurate deduction of its nuclear mass. It has yet to be dis¬ 
covered whether this type of helium nucleus is permanently stable 
or not. 

Even more interesting, however, than the results with high 
velocity protons are those which have recently been obtained using 
heavy hydrogen in the discharge tube. The initial success here is 
to the credit of Lewis, Livingston and Lawrence, who obtained 
a-particlos from lithium bombarded by heavy hydrogen nuclei. 
[A situation thus arises, as it did for a-partioles and protons, making 
it convenient to assign a distinctive name to the particle concerned. 
“ Deuton,” “ deuteron ” and “ diplon ” have been suggested for the 
heavy hydrogen nucleus, but usage has not as yet, standardised any 
one of these to the complete exclusion of the others.] Because this 
a-particle emission from lithium was found to be complex various 
complementary lines of investigation have been required in order to 
afford a satisfactory analysis. As might be expected, the capture of 
H* by Li*, on the one hand, and that of by Li*, on the other, 
lead to essentially the same disintegratkm. Two a-partioles are 
emitted, in very nearly opposite directions. Similarly, B” -f H* 
and B** -f give the same resultant. In each case thiw a-partioles 
are set free. But the above is not the only reaction between heavy 
hydrogen and lithium nuclei. It has been found that protons and 
neutrons are emitted. Plate II, Fig. 4, shows a pair of oppositely 










1082—^AND Airm 


205 


directed a-paitiole tracks and a proton track. The two modes of 
disintegration of Li* by H* are here illustrated in a single photo¬ 
graph.^ For the protons and neutrons we may write 


Li* + H* - Li’ + H‘ + Q,.(vui) 

Li’ + H* => Ho* + Ho* + n’ -f Q,.(ix). 


The former of these equations exhibits the formation of a heavier 
from a lighter isotope (simultaneously, of course, the nucleus of the 
heavier isotope of hydrogen disappears and that of the lighter isotope 
is released). A similar reaction probably takes place when many 
elements are bombarded ; already it has been followed in some detail 
with boron and carbon. And, which is most peculiar of all, this 
reaction takes place when heavy hydrogen itself is the substance 
bombarded. It will be seen from equation (x) that the production 
of a further unknown species of hydrogen nucleus is involved, 

H* + H* - H* f H> + Q. (X). 

Plate II, Fig. 6, is an expansion chamber photograph taken by Dee, 
showing the tracks of the two particles resulting from this dis¬ 
integration. Recent investigations by Bleakney and his co-workers 
seem to show that naturally occurring hydrogen contains about one 
atom in 10* of this new species, whilst a knowledge of its mass also 
suggests that it is stable. Production of the isobaric nucleus, He*, 
postulated to explain the proton-on-lithium disintegration results, 
also occurs in an alternative mode of synthesis-disintegration of two 
heavy hydrogen nuclei. The reaction 

H* + H* = He* -t- n’ Q . . . . (xi) 

has not yet been followed in ail its particulars, but the emission of 
neutrons has been esUvblished and their energies agree closely with 
what might be expected. It is almost impossible, therefore, to 
escape the conclusion that the nucleus He* is simultaneously released. 

It has already been remarked that nuclei other than those of 
hydrogen and helium may well prove to be useful projectiles with 
which to carry out disintegration experiments, but it is now obvious 
that, even within these categories, completely unexplored possibili¬ 
ties remain, for there can bo no certain prediction what the properties 
of H* or He* will prove to be, if these particles can be accelerated in 
the present type of apparatus. 

Avoiding speculation, however, we have now indicated various 
types of disintegration which are known to occur when neutrons, 
protons and heavy hydrogen nuclei are the particles effective. All 
these processes have been investigated entirely within the period of 

* The writer n greatly indebted to Mr. Dee for permimion to reproduoe 
this photograph, and also Fig. 6, Plate U. 
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our Bxu’vey. Within that period, also, there has been steady progress 
towards a full description of many oases of disintegration produoed 
by a-particles. Much of this work has been in continuation of that 
carried out prior to 1932, and, since its general results follow the 
broad lines suggested by our discussion of equation (iii), we shali not 
be concerned with further details here. There is one aspect of these 
results, however, of which equation (iii) takes absolutely no account. 
This formal statement shows what happens when disintegration 
takes place ; it gives no indication how the probability of disintegra¬ 
tion (per unit length of path) depends upon the kinetic energy of 
the a-particle concerned. We have already discussed the parallel 
question m regard to proton-produced disintegrations. Here the 
evidence points to a rapid and continuous falling off of disintegration 
probability as the kinetic energy of the proton is reduced. In the 
a-particle case there is the same general rapid decrease in efficiency 
with decreasing energy, but the decrease is not continuous. For 
certain discrete energies, characteristic of the nucleus bombarded, 
the disintegration probability rises to a maximum value, to fall 
rapidly to normal again as the energy of the a-particle is further 
reduced. This phenomenon of “ resonance ” interaction is one of 
the more successful predictions of the wave theory of matter in this 
field; it is quite unintelligible from the purely corpuscular view¬ 
point. Resonance interaction between protons and nuclei has yet to 
be established, but present evidence is quite insufficient to prove that 
it does not occur. Even in the parallel experiments with accelerated 
helium nuclei, for example, no trace of the phenomenon was found. 

At this stage, then, it might be imagined that all known types of 
disintegration of light nuclei had at last been discussed—and, if our 
survey did not include 1934 in its compass, this conclusion would be 
broadly correct. As it is, however, it is very far from the truth. 
For we have teuiitly assumed throughout oiir discussions that the 
complex nucleus resulting from each disintegration process is a stable 
nucleus. We have been forced to the conclusion that in many oases 
it is initially formed with excess energy, but we have imagined that, 
when this energy has been liberated as a quantum of y-radiation, no 
further spontaneous change is possible. This is manifestly true in 
all save perhaps one of the cases we have described (for He* the mass 
number is less than twice the atomic number—a relation pointing to 
instability), but recent research has shown it to be very obviously 
untrue of others. In these cases the nucleus formed as the result of 
the primary disintegration is definitely unstable. In all particulars 
it behaves precisely as the nucleus of a radioactive species which has 
hitherto remained undiscovered on the earth because of its own short 
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lifetime and the fact that it is not a member of a radioactive aeries 
originating in a parent species of slow decay. Equations (xii) and 
(xiii) refer to a definite example. Curie and Joliot have shown that 
a radioelement of half life about 2-4 minutes is formed when 
magnesium is bombarded by a-particles and that electrons are 
emitted in the subsequent radioactive decay. We write 

Mg»» + H6‘ = Al« + H* + Q, . . . . (xii) 

Al« —8i** + e.(xiii) 


because a product of identical behaviour is obtained when silicon 
and phosphorus are bombarded by neutrons, thus 


and 


Si" + n> » Al" + H* -f Q, 


(xiv) 


p»t n' - Al" (- Ho* ) Q,.(xv) 

—and we replace the “ equals ” sign in (xiii) by an arrow in order to 
indicate that this is not a mass-energy equation, since the electrons 
emitted in the disintegration possess energies distributed continu¬ 
ously over a wide range. Thus the old problem of the conservation 
of energy in radioactive /^-disintegration reappears, and, although 
theorists are now fairly unanimous in the explanation which they 
offer, since that explanation involves the assumption of a particle 
apparently calculated to elude the keenest scrutiny of experiment 
(zero rest-mass and zero resultant charge), we may be excused further 
consideration of it in the present discussion. There is one problem, 
however, which we cannot avoid. The original experiments of 
Curie and Joliot were carried out with aluminium, a “ pure ” 
element which was known to give rise to protons and neutrons under 
a-particle bombardment. Curie and Joliot found, in addition, 
subsequent activity of an electron type and magnetic deflection 
experiments showed that the disintegration electrons were positively 
charged. Up to that time the positive electron had never been 
found except it had been produced, together with a negative electron, 
as one constituent of an electron pair; indeed any knowledge of the 
existence of this particle was then of recent date, the first observa¬ 
tions having been made by Anderson in 1932. But pair-production 
occurred by quite another mechanism. We may write 

-f- £*y X^ -I" • -f" ® -f* Q.(xvi), 

where Ey is the energy of a >'-ray quantum, e and 9 represent the 
masses of negative and positive electrons, respectively, and Q is the 
sum of the kinetic energies of these particles and of the nucleus 
whose mass occurs on both sides of the equation to emphasise the 
feet that for this process to be at all probable requires the presence 
of an intense eleotrio field such as is only to be fotmd in the neigh¬ 
bourhood of an atomic nucleus. In such an electric field it may also 
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be possible for a fraction of the kinetic energy of a fast particle to be 
absorbed in a similar manner—in the creation of a pair of positive 
and negative electrons moving apart with a certain amount of energy. 
(Thus the experimental evidence for paiT'produotion by fast electrons 
seems to be satisfactory.) But, in whatever way a positive electron 
is created, it has only a very brief existence. Sometimes before it 
has expended the whole of its kinetic energy in ionising encounters, 
more often shortly after it has effectively been brought to rest, it 
suffers annihilation by interaction with a negative electron from the 
material through which it has been passing. Mass-eneigy and 
energy of motion reappear as energy of radiation, either two quanta 
or one being emitted according to the annihilation conditions. 
These, then, are the peculiar properties of positive electrons as 
directly determined. In view of them we can only conclude, con¬ 
cerning the positive electrons liberated in the radioactive disintegra¬ 
tion of artificially produced radioelements, that there can be no 
sense in thinking of them as existing in the nucleus prior to the act of 
disintegration, but rather it must be assumed that they are created 
at the moment of ejection. Without entering more deeply into a 
consideration of the matter, we may say that associated with the 
emission of the positive electron there occurs an intra-nuolear tran¬ 
sition by which a proton disappears from one state and a neutron 
appears in another. If this be accepted, then the emission of a 
negative electron may be similarly regarded. A nuclear neutron 
disappears and a proton appears; simultaneously an electron is 
liberated from the nucleus. The matter may, in fact, be more 
complicated than this, but that will not invalidate this partial 
description of the process. 

All this theorising, then, has been occasioned by the discovery 
that in certain disintegrations light nuclei may be formed which are 
radioactive, in that they subsequently emit electrons—either positive 
or negative—in transforming to a stable species. It only remains 
to indicate the stage to which investigations of this effect have been 
carried in the very short time since the first indications of its occur¬ 
rence were obtained. Disintegrations resulting in the production of 
unstable species have now been established with «-particles, protons, 
neutrons and heavy hydrogen nuclei. With neutrons, the subee- 
quent radioactivity constitutes the indirect evidence, to which we 
have already alluded, for the disintegration of heavy nuclei—^Fermi 
and his co-workers having obtained positive results with nearly 00 
elements, from fluorine to uranium. In all these cases it is more 
diflScult to determine the details of the primary disintegration 
process than to investigate the main features of the /^-particle 
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emission which follows, but chemical tests have made it abundantly 
clear that at least three different types of transformation may occur. 
The neutron may simply be captured by the complex nucleus with 
the emission of radiation only, or a proton, or an a-particle may be 
emitted. 

Thus far the experiments : we have indicated their contribution 
towards a new knowledge and understanding of the physics of the 
nucleus since January 1932. Possibly—or even probably—the next 
three years will witness an equal increase in knowledge, an even 
greater increase in understanding. But this is of the nature of 
speculation ; only the passage of time can tell. 



THE FISHERIES OF EGYPT 

By R, 8. WIMPENNY, M.Sc. 

FuKerie* Labomivfy^ UnmaUifl 

T.nfw other tropical and semi-tropical countries, Egypt possesses 
fisheries that are not to be compared with those of North-West 
Europe, and the supply of fish is very much less in j)roi)ortion to the 
population. In 1927 the price of fish at the place of landing was 
43 milliemes per kilogramme, but in England and Germany the 
prices translated into milliemes would be 18 and 12 respectively. 
Similarly, as we go along the Mediterranean coast from Algeria to 
Egypt, the price of fish increases. For instance, in 1926, the whole¬ 
sale price of a kilogramme of fish calculated in shillings was *42 in 
Algeria, -76 in Tunis, and -82 in Egypt. 

In 1930 it is computed that there were 44,746 men, and 18,231 
children wholly or partly engaged in fishing. These figures exceed 
by several thousand the comparable total for England and Wales. 
In the latter the fishery is a highly mechanised one, chiefly marine 
and roughly fifteen times as great as that of Egypt. In these 
circumstances, it is not surprising to find that the result of a survey 
in 1928 showed it unlikely that the earnings of the ordinary fisher¬ 
man of Egypt exceeded 26s. a month. The poorest-paid English or 
Welsh fisherman on the other hand receives at least four times this 
amount. 

Speaking broadly, the total of fish from Egyptian waters as 
shown by the statistics collected since the War, can be put at 
between 30,000 and 40,000 metric tons annually. The total yield 
in 1930 amounted to 44,269 metric tons, estimated to have been 
worth £E.1,372,401 at the place of landing. The state collects 
certain sums as boat licences, and from the sale of concessions, 
amounting in the same year to £E.87,671, roughly the equivalent 
of a tax of 6 per cent. 

The yield just mentioned comes from three sources, the lakes, 
the sea and the Nile (Fig. 1). It is further differentiated in the table 
on page 212. The greater part, about two-thirds, is from the lakes, 
and of the remainder, the sea and the Nile contribute approximately 
equal parts. Actually, owing to the general drainage poUoy of the 
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Department of Iirigation, the Egyptian lakes are slowly being 
reduced either in level or extent, and the fishery, already beginning 



Fio. 1.—Map of Egypt ahoviiig the principal towns and lakes* 

(Besis 1 liu « so naWt spiuox,) 

to diminish, will finally become much reduced, unless intensive 
culture can be ananged. On the other hand, the maritime yield 
has shown a welcome and consideraUe increase of late, mainly 
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owing to the more efficient exploitation of the Alexandria, Port Baid 
and Suez trawl fisheries by using motor-vessels and otter trawls, 
instead of sailing vessels and “ Bull nets.” The catch from the Nile 
does not appear to vary much, nor does it seem likely that it can be 
controlled in such a way as to secure an increased yield. 


Totai, YnxD OF Fish in Eorpr ntniiNO th* Ykabs 1932, 1981, 1930,1929 and 1928. 




1681 

1030. 

1629 • 

1928 

— 

Sea Fiaheriee ' 

-i 

meirlo tons 

iiietrk tuna. 

metric tout 

Rkctjrii' tontt 

metric tens 

Trawl Fishery . 

1,906 

2.092 

2,100 

966 

1,080 

Sarduie Fishery 

6.042 

3.826 

7,867 

3,741 

2,938 (1,392) 

2,280 

Shore Fisheiy . 

3,196 

4,234 

2,722 (4,877) 

2,370 

Total .... 

Lake Fisheriea . 

10,144 

10,162 

13,708 

6,626 (7,235) 

5,620 

Menzaleh 

11,326 

9,742 

12,155 

11,384 

15,156 

BroUos . 

3.128 

3,409 

4,585 

4,261 

3,370 

Kdkou 

3.987 

5,610 

7,290 

3,387 

7,885 

Maryut 

968 

1,003 

1,760 

832 

1,041 

1,988 

Quarun .... 

1,579 

817 

483 

2,544 

Bardaweel 

320 

360 

335 

— 

455 

Total .... 

21,297 

31,874 

26,114 

20,546 

31,398 

Kilo, Canals and Drauis 

4,690 

5,930 

4,447 

5,000 

4,980 

Total yield of Egyptian 






Waters . 

30,131 

37.956 

44,269 

32.172(3,781) 

41,908 

Excess of Imports over 






Exports .... 

3,213 

3,511 

5,178 

4,885 

5,120 

General Total of Fish 






Consumed . 

39,344 

41,467 

49,447 

37,057 (37,666) 

47,118 


* The method of collecting certaia etatistioe wae altered ia this year. Flguree 
ia brackete are based on the methods m use prior to this year. 


Pigure 2 shows the outline of a few of the more important 
Egyptian food fishes. The row on the right consists of marine 
species, the row on the left of river and fresh-water species, wiiile 
that in the middle consists of those oharaoteristic of the lakM. In 
each row the fish are arranged in the order of importance that they 
took by weight in the total local catch in 1930. The lake fish are by no 
means confined to the lakes, for TUapia ziUii occurs on the sea coast 
in their neighbourhood and also forms a considerable part of the 
Nile catch. Some of the speoias of Mugil also occur in the Nile, 
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all go to the sea to spawn. Most of the Nile species may be found in 
the lakes at certain times of the year. The marine species are more 
exclusive, and of those figured, only the “ Loot ” (Sdcena aquila) 
invades the more brackish parts of the lakes. 

In Fig. 3, the 1029 catch is given as a circle divided into segments 
corresponding to percentages by weight of all the species amounting 
to over 5 per cent of the total. It will be seen that the TUapia 



Fio. 2.—Outiiniw of the principal Egyptian footl fiahoii. 


1 A eknltiw . 

2 I-ool ” 

а. ” 

4 ** Htmaa ** 

б. ‘'Bom** , 

Ik **Tolar** 

7. ** Bmirl '• 

8 **AniiiKii‘* 
a. ** Bayiid . 

10 " hAur ** Homtnar/* ** UIKm 
11 . . 


SardttuUa pmni^em 
Srumm &quiiA 
MuUum barMmi 
TNifriM tmarui 
m/tt. 

Atugil mpUf>. 

Mmfil mphalut 
darimt antfuiUaru, 
BtKfnu bapml 
LaiM nU<ti%em, 
Labeo nilotitm. 


species are the most important category, followed by the mullets and 
the marine sardines, Tliongh in 1930 the sardines formed the most 
numerous oategoiy, the sardine landings in this year were excep¬ 
tional, and there is little doubt that the year 1929 can be taken as 
typical. 

It may be of interest to attempt a comparison of the value of 
Egyptian fish of other times witii those of our day. About 400 b.o., 
when Herodotus visited Egypt, 800 MuffU capi/to {“ Ad ”) were 
worth a sum which Radolifie [Fiahing from the Earlieet Times) con- 
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siden to be the equivalent of three-quarters of a gold pound. This 
would make the value of one fish ‘226d. Assuming that the size of 
fish in ancient times was what it is to-day, there would be an average 
of six fish to the pound avoirdupois, and the price would therefore 
have been 1 -SSd. To compare with this we fiind that in our own time 
the price per pound of this species was estimated to have been 2-95d. 
in 1913, but m 1980 it was 7-OOd. 



Fio. 3.—Diagram showing the peroentage by weight of all categories of fish amount¬ 
ing to over 5 per cent in 1930, ana express^ as segments of a circle. 

Tlis VBtiksl Hum rsprMont ** Boitl/' black ** TotMur,** nhoti dsabw Bourl,'* asd ctomm ** SskIIm.** 


It must be borne in mind that this comparison is somewhat 
speculative, as it is based on the assumption that the monetary unit 
has been oorrectly estimated, and that the number of fish to a pound 
was the same in ^th oases. In r^ard to the last assumption, it may 
be said that under the optimum conditions of growth of an unfished 
stock, it would be unlikely to obtain MugU capikf bigger than two 
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to the pound. In these oircumstancos the value per pound in 
Herodotus’s time would have been a third of my estimate. 

Fry iNTRODUcrroHS 

The extensive and very shallow lakes of the Egyptian delta were 
once casually or permanently connected with the sea (Fig. 1). Now, 
the largest of them only, Lake Menzala, situated between Port Said 
and Rosetta, is permanently connected with the sea by the Gameel 
channels. Lake Brullos, in the middle of the delta, and Lake Edku, 
between Rosetta and Aboukir, lose their sea connections during the 
late summer, when their surfaces fall a little below mean sea level. 
The last of the big delta lakes is Lake Mariut. This lake, situated 
behind the town of Alexandria, is maintained at a level of about 
3 metres below sea level, and acts as a huge drain-reservoir for the 
north-west delta farm land. A channel at sea level runs in from the 
sea to the lake-side at Mex. Here enormous pumps raise the water 
from a canal on the lake-side to that of the sea. 

The Mex pumps work from August to April, during the rest of the 
year the evaporative power of the sun is sufficient to keep the lake at 
the required level. The effect of those arrangements is that there 
is no contact between the sea and the lake from April to Auigust. 
From August to April great quantities of water are pumped out and 
flow down the marine canal at a considerable velocity. With this 
water there can, and do, pass numbers of fish and other elements of 
the lake’s fauna. Once past the pumps, however, it is impossible 
for any living creature to stem the current and force its way back. 

An important part of the catch in these delta lakes is formed by a 
certain species of grey mullet that enter firora the sea as fry. Hero 
they feed and grow, and then, at the time of maturity, crowd out 
through the narrow channel communicating with the sea in immense 
shoals. On the sea coast they spawn, and give rise to larvae that 
shortly return to the laices. 

Prior to 1920 grey mullet were virtually absent from Lake 
Mariut, as it was impossible for them to aushiove their life-cycle in 
relation to it. In that year Mr. G. Paget, then Director of Fisheries 
Research, noticing that hundreds of thousands of mullet fry could bo 
seen stemming the pumps outflow in the Mex marine channel, 
oigamised a service to transport the fry to the lake. The fry breast¬ 
ing the current, concentrated near the walls of the channel and a 
long-handled net having a rectangular mouth and a mosquito netting- 
bag woe dragged and pushed along the walls in the direction of the 
sea. The numbers of the fry so obtained were estimated by marks 
on the bag of the net. They were then carried over to the other 
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Bide of the pomps in buckets, emptied into boats arith perforated zinc 
removable sides, the boats towed out some way into the lake and 
the fry released. 

This introduction made at a cost of a few hundreds of pounds 
resulted in a fishery for two speoies of grey mullet {Mugil capUo and 
M. cephcUua) running into tons of thousands each year. 

A review of the amounts of fry introduced to this lake during the 
last ton years and compared with the annual yield, suggests that 
these amounts have been in excess of the needs of the lake for the 
yields obtained in the case of M. capita. 

The mullet stock in Lake Edku is reinforced by the introduction 
of fry taken from an out-flowing drain near Aboukir. 

Mullet fry are also introduced into Lake Menzala. Here, the fry 
congregate on the Nile side of the £1 Ratama channel in the winter 
and spring. At these seasons the Nile is low, and the water in the 
cut flows gently from the lake to the Nile. 

About 200 kilometres south of Alexandria, there lies at the 
northern edge of the Fayum oasis a laige crescentic lake, called 
Lake Quaroun. Fresh diuin water from Fayum province runs into 
its southern and eastern edges. Nevertheless, the lake is much saltor 
than the delta lakes, particularly towards its northern and eastern 
limits. It is also much deeper, giving a sounding of 8 to Ometres in one 
part. The salinity is such that towards the northern shore live cooUes 
may be found on the bottom. High yields of the “ Bolty ” (Tilapia 
zillii and T. nilotica) have been taken from this lake. These fish 
are chiefly confined to certain shallow parts, while in the deeper 
holes there is a small fishery for the predatory “ Laffash ” or Nile 
Perch {Lates nUotiexts). With the bulk of the fishery composed of 
two speoies, experience has shown its fluctuations to have been 
enormous. 

In 1028, therefore, experiments were made to see if the fry of the 
larger of the two speoies of grey mullet {M. cephalus) would live in 
the water taken from the southern shore of this lake. The experi¬ 
ment was successful. Sent in insulated fish kettles by rail from Mex, 
60,000 fry of this speoies wore introduced into the lake during the 
autunm season of 1926. 

The purpose of mtroduoing this species was to attempt the damp¬ 
ing out of the big fluctuations formerly shown by the lake, and also, 
by adding a specialised vegetarian fe^er of good growth rate and 
different habits to the indigenous species, to attempt to increase the 
totsi yield. The experiment had another interesting purpose. The 
actual spawning-grounds of the grey muUet are not known, but when 
mature they leave the delta lakes for the immediate ooast^ belt, 
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from which area their fry return to the lakes shortly afterwards. It 
has been said by certain fishermen that grey mullet could spawn in 
tile lakes. Now, though where the fry were introduced near the 
outfiowing drains, the water was rather fresh, in the rest of the lake 
and particularly towards the northern shore the salinity was con¬ 
siderably higher. It was thought possible, therefore, that when the 
fish became mature in two years’ time, they might find salinity 
conditions within the lake similar to their marine breeding-grounds, 
and a successful spawning might result. As a female grey mullet 
gives rise to about one million eggs, a few successful spawners each 
}rear would ensure a continuous stocking of the lake achieved without 
the necessity of annual introductions, as is the case at Mex. 

The mullet introduced in 1928 thrived and, as early as June 1929, 
fish of catchable size were seen leaping out of the water in their 
characteristic way. It was decided not to introduce any further 
fry until it would be obvious whether or no those first introduced had 
produced a brood of their own. This would have been shown by 
\ the occurrence of small fish of marketable size in the summer of 1931. 
Ripe male fish were caught in 1930, and females of that year showed 
well-filled almost ripe gonads, but no fresh generation appeared in 
1931, and routine annual introductions were started in the autumn 
of that year. 

During the intervening years experiments designed to solve the 
diffic ult, problem of transporting the fiy from the sea coast to this 
distant and rather inaccessible inland lake were carried on. It was 
found that only very small numbers could be carried in the insulated 
fish kettles, otherwise the mortality was heavy on the eighteen-hours 
railway journey. By kind permission of the Royal Air Force, H.Q. 
Middle East, one or two useful experiments were carried out using 
lattge troop-carrying aeroplanes. Various containers were tried, 
some with and some without oxygen. The mortality was much 
reduced by these quick transmissions, and the results were con¬ 
sidered very satisfactory. The most successful experiment, however, 
was one in which 100,000 fry were carried in a railway tank wagon 
with a very low mortality, over 70 per cent arriving at the lake 
aUve and strong. 

While the aeroplane work showed that 50,000 live fry could bo 
introduced to the lake at a cost of ££.60-90 per time, at least 70,000 
fry could be conveyed by rail at from £E.16-20. The heavy land 
amoplane was, therefore, hardly as efficient as the railway at one- 
third to one-sixth of the aeroplane’s operating costs. This of course 
does not mean that a flying-boat or seaplane with a built-in tank 
may not yet prove to be the ideal means of transport. 
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The result of these trials was that when the routine introductions 
were begun rail transport was adopted. 

The 50,000 fry introduced in 1928 gave the following yield to the 
fishery: 

1920 . . 181 kg. 

1930 . . . . 427 „ 

1931 . .... 62 „ 


Fish Fabms 

The delta lakes that have been mentioned probably give a greater 
yield per unit of area than any other uncultivated fishery in the 
world. The following list gives some idea of how their fertility 
compares with certain other fisheries in yield ])er kilogramme per 
hectare. The Egyptian lake figures are based on a nine year mean : 


Lake Menzaln 

04 0 

North Sea . 

. . 17*3 

» 

Brullos . 

. . 60*3 

Cominachio Lag^ioii . 

. . 19*0 


Edku . . . 

. . . 279*3 

Bardaweol 

4*67 

»> 

Mariut 

. . 14M 

Cultivated Carp ponds in 

Gor- 

>» 

Quaroun 

. . 95*8 

many . . 

65 5-165 


EUurig de Bern Miuveillae . . 9*6 


In spite of this great fertility, with the exception of Lakes Edku 
and Quaroun there is no area that it would not pay to reclaim in the 
interests of agriculture. In normal times a feddan of Egyptian 
delta land will yield about £E.10, when under cotton cultivation, 
and this figure is not likely to be approached save by Lakes Edku 
and Quaroun. Though the yield per unit area of Lake Quaroun 
is much less than Lake Edku, the stock of fish upon which it depends 
is supported by a relatively small shallow area along its southern 
shore. 

There is, therefore, every prospect of the ultimate reclamation of 
those areas from which the bulk of Egypt’s fish supply is drawn. 
This reclamation is indeed going on already. For this reason the 
question of mitigating an anticipated decrement, and if possible of 
maintaining the present total annual yield is one of vital importance 
for the country. One of the ways by which the question has been 
tackled, was by studying the possibility of lake fish culture. For this 
purpose two fish farms were established in 1923. One was a station 
of 17 ponds of varying sizes, dug over brackish springs on the north¬ 
west shore of Lake Mariut at Mex. Fresh water from the lake was 
pumped into the system by a small pump and it was intended to 
make experiments in ponds of different concentrations of stock and 
salinity. The other farm was a chain of nine ponds of small size 
linked by sluices with gauze windows and supplied with an inflow 
from the Darraga canal and an outflow to the Minufia canal at the 
Barrage, Cairo. Here, it was proposed to work on firesh-water flsh. 
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Experiments were hardly begun at these farms when the Director 
of Fisheries Research, who had been responsible for their inception, 
retired, and no further work of fisheries development was undertaken 
until the present writer took up the direction of research at the end 
of 1927. By this time both places had become derelict. At Mex 
the pumping system had been removed and, at both farms, ponds 
and channels had become silted and choked. Schemes for their 
rehabilitation were put forward, but were only partially achieved 
and then only in the case of the Barrage station. In spite of this a 
certain amount of work that proved to be of unusual interest was 
accomplished. 

In 1930 and 1931 at Mex, a certain number of mullet fry (mainly 
M. cephalus) wore introduced and at the end of the year interesting 
censuses wore made. These showed that though some of the M. 
cephalua individuals had made good, another species, M. auratua, 
which did not appear in the rest of the lake as a result of similar fry 
introductions, had appeared in considerable numbers in the very 
brackish pond into which they had been introduced. In this same 
pond it was found that another species of mullet, M. capito, generally 
failed to survive introduction by twenty-four hours. 

A consideration of the communities of fish in the Egyptian lakes 
had a considerable influence on the planning of experiments at the 
Barrage farm. It appears that the lake areas richest in yield are 
those with the smallest numbers of important species. (See Report 
on the Fisheries of Elgypt, 1930.) 

The same thing seems to bo the case in the sea trawling areas of 
North-West Europe. For those reasons populations containing 
difierent numbers of species were established in this farm. The 
ponds were drained in the winter of 1930-31 and a census was made. 

This analysis showed that the greatest weight per unit area was 
obtained from the pond containing the largest proportion of one 
species, and that jmnds decreased in yield as the population became 
more heterogeneous. In the case of ponds in which a predatory or 
carnivorous species like the Nile perch, was a considerable element, 
this generalisation did not hold and the yield was nothing like so 
great as where an omnivorous carp or a vegetarian mullet were in like 
proportion. The proportion of the species in some of the ponds are 
shown in Fig. 4. Above the plan are circles whose areas are directly 
proportional to the weight per unit area of the pond they represent 
and their segments are divided in proportion to the number of 
species present. The circles below the plan deal similarly with the 
numbers of individuals of the different species. 

Some useful direct observations on growth rate and mortality 
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were also obtained from these ponds. In one pond, in which 120 
Nile carp of from 10 to 20 centimetres long had been introdaoed in 
May 1929 and from which individuals 30 centimetres long were taken 
at the end of the same year, 6 fish varying from 39 to 48 centimetres 
and averaging roughly 1 kilogramme in weight, were taken. A 
neighbouring pond had 41 of the same species from 10 to 20 centi¬ 
metres long introduced in May 1930. They were marked through 
the caudal peduncle with a numbered disc at the time of introduction. 
At the end of the year 16 of them were recovered, their mean length 
being in the neighbourhood of 30 centimetres. Most of them had 
lost their marks, but bore evidence of them in a deformity of their 
tails. Only 2 carried the mark. One remained at 15 centimetres 



Fio. 4.—Plan of the Barrage fiah farm, Cairo. 

Above the nlan are fIrrJea ohowlng tbe prnporUon of the wetffhta of the different eperlee tier unit area of 
the oorrMiponolitg pouda, and below numbera are treated the aame way aa welKhta Huriiontal ItiiCM 
Indicate Labeee,*' vertical linen Boltl/' datbei Boorf/' dote *' Laffaah/’ and all black ** Tobar.*’ 

(its length at introduction) and the other had grown from 19 to 33 
centimetres. The carp in this pond had given rise to a brood of 
224 small ones, measuring fit>m 8 to 15 centimetres long at the end 
of the year. 

Of these two stocks of carp, the natural mortality of the first was 
95 per cent over eighteen months, and of the second 61 per cent for 
six months. In another small pond, 500 small grey mullet (Jf. 
capUo) of about 2 centimetres in length were introduced towards the 
end of Bfarch 1930. These gave a population of 34 at the end of the 
year. The natural mortality in this case was 93-2 per cent. A point 
of especial interest about this introduction was that while in the 
delta lakes the introduced species seldom reached 20 centimetres in 
length as a result of its first year’s growth and was, as a rule, 14 to 16 
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oentimetrea long, the lengths in the first winter in this pond near 
Cairo lay between 26 and 28 centimetres. 

As far as it has gone this work shows the desirability of intro¬ 
ducing M. capita into the fresh-water areas of the delta, rather than 
the brackish ones. The advantage of regulating community stocks 
by reducing the number of species present, and the possible un¬ 
desirability of the Nile perch are other conclusions that seem to 
follow. 


Fluctuations 

The annual catch of the Egyptian fisheries has varied between 
twenty-seven and forty-nine thousand metric tons. The cause of 
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Fio. 5.—Graph showing the relatiod between the annual mean disoharges in oubio 
matrea j^r seoond ihrotuh Aswan sluices, and the annual fishery yield of Ijiko 
Mensala for the years UK)S-30 in thousands of metric tons. 

tlM ntmrn of Uw Aiwsii dlNhaffM art jolmst by » btoken lino, sad tboM of tho Meossls yield by s 
cootlaaous ous. 

these annual fluotuations, as is the ease with most of the country’s 
other aotivitiee, seems likely to be related to the volume and disper¬ 
sion of the Nile flood. The annual flood of the Nile takes place in 
August, reaching its peak in September, but varying in intensity in 
different y9ua. A study of the yield of Lake Menzala, from which 
we have figures going back a long period, and which come from an 
area that may he regarded as representative of the rest of the 
fisheries, may be compared profitably with the annual floods. 
The oompacisoa shows Uiat exceptionally high floods have been 
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followed either in the next year or within two yean by an increase 
in the yield. So obvious was this effect, that on the occurrence of an 
abnormally high flood in 1929 the Fishery Report of that year con¬ 
fidently anticipated a resulting increase in the catch. It is gratifying 
to note that this anticipation was borne out by the returns of the 
subsequent year. 

The relation of the stimulus applied by the Nile flood to the 
various food fishes is, nevertheless, not an immediately clear and 
directly predictable thing. Much work is necessary upon the 
qualitative composition of the water, upon the contained plank¬ 
ton, algaj and vegetation and upon the rate of growth of the fishes 
before this relation can be made clear. 



Fio. 6.— ^The monthly mean duKtharges of the Aewan slnicee in thouaanda of cubic 
metres per second between 1927 and 1930, compared with the mean calculated 
lengths of “ I ” group mullet at the ends of these years. 


Some attention has been paid to the rate of growth, weight 
caught, and number introduced, compared with the Nile flood and 
lake level, in respect of the small grey mullet of Lake Maiiut. A 
comparison of the monthly mean flood discharges for the diflerent 
years, and the mean size at one year old of the commonest age group 
is shown in the figure above. 

It will be seen that the rate of grourth has varied directly with the 
Nile flood. Nevertheless, yield has been falling during this t-im* and 
for a matter of ten years there is little correspondence between the 
number of millions of fry introduced into the lake and the catch. 
The ntunbera surviving have evidently been thinned out in the last 
few yean* by a felling lake level, and, moreover, this thinning out 
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mtut have been in the very early life of the fish, for the diminishing 
lake level has left no mark on the growth rate to one year of age. 
It seems probable that the reduction in numbers brought about by 
a lower lake level is due to the extinction of some littoral plankton 
community upon which the very young fish rely. However, to 
elucidate this matter a plankton study will be necessary. 

The fiuctuations in yield are of a different order in the different 
areas and fisheries. In the case of the lakes, there is a very clear 
inverse relation between the fiuctuation in yield from the mean for 
the nine years prior to 1928 and the number of species figuring in the 
market returns. The following list shows the extent of tfos: 



Fer cent Oreateet 

Number of BpecIcM la 

Lake. 

Fluetuatloiui 

Hetunia 

Quaroun 

202 

3 

KdJcu . ... . . 

U2 

11 

Mariut ... . . . ; 

128 

9 

Manaala .... 

50 

21 

BrullcMi . . . . . i 

46 

21 


It would appear from this that investigations of an ecological 
nature into the proportions and characters of the species making up 
the community of a fishery are likely to have wide economic implica¬ 
tions. 1 am not aware that this aspect of fishery investigation has 
yet been referred to, though it is well known that in a stock of fish of 
one species, a stock consisting of a small number of age groups is 
liable to greater fluctuations than one with a larger number. 
Equally obvious with the fact that areas with a smaller number of 
species are liable to enormous and disconcerting fluctuations is the 
fact that these same areas are richer in yield per unit area over a 
period of years. This is well shown by comparing the table above 
with the yields given at the beginning of the section on “ Fish 
Farms.” 


The Sea Fishbey 

Prior to 1928 the Sea Fisheries could have been put down in 
round figures as 5,600 metric tons, of which 1,500 were firom the 
trawl, and 2,000 each from the sardine and shore fisheries. Now, 
however, it is increasing on account of the expansion of the trawl 
fishery. 

Up to 1928 the trawl fisheiy had been made up of Italian sailing 
vessels of 60 to 60 feet in length and furnished with one mast and a 
triangular sail (” Tartonu ”), or with two masts and lugsails 
(“ Bragptm ”). These vessels fished in pairs, each drawing a line 
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connected to the wing of a single trawl or “ Boll net.” Fleets of 
about forty of them worked out of Alexandria and Port Said and in 
addition there would be a small number registered at Suez. The 
Suez fishery was, however, usually pursued by vessels from Port Said. 

Between 1928 and 1930, however, the Tartones were fitted with 
heavy oil motors and fished a single otter trawl. Other sailing 
vessels were withdrawn, and motor schooners working an otter trawl 
substituted. In 1930 the result of this mechamsation was to give 
Alexandria 25 trawls operated by motor ships in addition to 5 used 
by sailing vessels. At Port Said 6 out of 22, and at Suez 1 out of 5 
trawls were motor-operated. The trawhng area is therefore being 
considerably extended, catches are rising and ai-o expected to increase 
until the whole fleet is fitted with motors 

The Egyptian trawl fishery shows an interesting but unexpectedly 
greater catch per net per day’s fishing on the Gulf of Suez grounds 
compared with those of the Mediterranean. The mean figures in 
kilogrammes for a ten-year period at Alexandria and Suez, and for a 
nine-year one at Port Said are as follows : 


Alexandria ..... .... 115 

Port Said.181 

Suez ........... 232 


Comparable figures concerning long lining, available firom an 
experimental motor ketch, point to a greater weight per unit time 
being taken in the Gulf of Suez than off Alexandria. 

It has also been shown that there is more oiganio matter in the 
water of the southern part of the Suez Canal than in the northern. 
There is, therefore, little doubt that the Gulf of Suez area is the most 
fertile and productive Egyptian sea area, though this is not to say 
that its products are the most valuable and palatable. 

The sea fisheries as a whole do not fluctuate to the extent that 
some of the lakes do. The most important contributor to fluctua¬ 
tions in this fishery is the “ Sardine ” {Sardinella granigera and 8. 
aurita). This catch may vary from one to seven thousand metric 
tons, the greater part of which is usually fished by special boats from 
Port Said and Rosetta. In 1930, 360 boats engaged in this fishery 
were registered at Rosetta and 235 at Port Said. This was a year 
of especial success in the fishery, over six of the seven thousand tons 
catch being landed at Rosetta and the neighbouring ports. Par¬ 
ticulars of the positions of the successful catches showed that 
they took place in an area with centres 10 miles N.N.E. to 16 
miles E.N.E. This is a little on the “ down-stream ” side of the 
sea opposite the western mouth of the Nile at Rosetta (Fig. 7). 

In some years the fishery occurs off the eastern mouth of the Nile 
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near Damietta. On these oocasions, however, it is noticed that the 
landings are less than when the fishery occurs at the west side of the 
delta, and it is thought that this is connected with the fact that a 
greater volume of water leaves the Nile through its western mouth. 
The connection between the Nile outflow and the sardine fishery is 
shown in another way. The flow of water through the Nile’s two 
mouths is entirely stopped by dams erected in February at Edfina 
and Fariskur. When the Nile flood rises in August these barrages 
are out, and the Nile water allowed to flow out to sea. It is not until 
the flood water reaches the sea that this fishery begins. In some 
years the eastern dam is broken before the western, or vice versa. 



FlO. 7.—Map of the Egyptian ooasUU Mgion divided into ton-minute aquarea. 

Tb« Mntouml atm on tho wiMt aido of Uie dolU indloAtoi th* RonetU HMdiM flahaiy. »nd that on Uie 
OAit aide tho Mold trawl In 1930. In both mmm more than a thoumnd trtpa nw aqiiare bi tbovu 
by the tdaob area, inura than 50U by the dotted, and more than 60 by the oblique-lined. 

At these times it has been noticed that the branch of the river that 
commences to flow much before the other is the one off which the 
greater part of the catch will be taken. The practical incidence of 
these observations is that it would be desirable to out the western 
dam a week or so before the eastern, in order to have the bigger 
western fishery. 

In 1980 the sardine fishety was so good that, taking all the 
Fgyptian fisheries catch, the category “ Sardine ” amounted to 30 per 
cent or more than the “ Bolty ” which is usually commonest. 

Preliminary work with a small motor ketch suggests that a profit¬ 
able long line fishery for this type of craft could be worked out of 
Alexandria. This fishery would probably take place over the roug^ 

a 
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bottom on the sponge beds west of Alexandria. Similar work carried 
out with the Danish seine net, a gear from which others working in 
tropical and semi-tropical seas had expected much, was extremely 
disappointing both in the Mediterranean and the Bed Sea. 

These remarks may be summarised by saying that there is every 
reason to expect that the application of the motor engine to the trawl, 
sardine and long line fisheries are likely to lead to an increase of the 
landings of sea fish, the limits of which it is diflScult to foresee. But 
one thing can certainly be foreseen, and that is that unless this 
expansion of fishing power is intelligently controlled the increase will 
be followed by a decrease, particularly among the trawl fish. In the 
event of a big increase in the number of trawlers it will be in the 
highest degree necessary to watch the effect of using the present type 
of cod-end on the trawls. This part of the net in the Italian gear 
used at Alexandria is so fine that no fish, however small, can pass 
through it. It seems certain that in order to obtain a high and 
stable optimum yield a very much larger minimum size of mesh will 
have to be enforced by statute. 

Research 

The administration of what is probably the most closely con¬ 
trolled licensed fishery in the world and that of certain concessions 
are in the hands of the Egyptian Coastguards and Fisheries Service. 
In 1919 this service, conscious of the need of research and expert 
advice in its efforts to conserve the fisheries, and to suggest suitable 
laws, secured the services of a Director of Fisheries Research. The 
valuable work of fry introduction and the fish farms initiated by this 
ofiicial have already been referred to. In addition, by using the 
nation-wide oi^anisation of the Coastguards and Fisheries Service, 
fishery statistics were collected for the first time, and an annual 
report was issued. In 1923 the Director of Fisheries Research retired 
and fisheries research was suspended on the grounds of economy. 
However, foundations of great value had been laid, and the annual 
report containing the statistics that had been initiated, was main¬ 
tained. 

At the end of 1927, the present writer was invited to take ohaige 
of fisheries research in Egypt, on a short contract. During this time 
the lines of a programme directed mainly to marine investigationB 
were laid down. In pursuance with this policy a research steamer 
was built and completed in 1930. This vessel was built on the 
lines of a lai^ trawler, was fitted with a big winch, together 
with other special gear for the fullest attack on fishery and 
oceanographic problems (Fig. 8). A small motor ketch was also 
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purohased and efficiency experimente on varioua types of fishing 
gear used in North-West Europe were initiated by her. Finally, 
on an arm of land forming the western border of Alexandria 
Eastern Harbour, a Marine Fisheries Laboratory was built (Fig. 9). 
The Marine Fisheries Laboratory is a rectangular three-storey building 
of ferro-concrete, embellished in the Neo-Pharoanic style. On the 
groimd fioor are an aquarium of several tanks, pump-room, labora¬ 
tory attendant’s room, chemical store, dark-room, bath-room, and 
four working cubicles for the investigators. The first floor contains 
the Director’s room, a clerks’ office and a large general laboratory. 
On the top floor are the library and museum. In the working 
cubicles and the general laboratory, sea water is laid on to the sinks, 
as well as tap water. The sea-water supply comes from a ten-ton 
tank in the roof and the waste from the tanks, etc. is designed to 
drain through a filter into either a 70- or 30-ton settling tank under 
the floor, according to which one is in use at the time. A small 
hatcheiy is also attached to the Laboratory. 

During this period Egyptian students were imdergoing suitable 
instruction in Euro|)e, and Europeans were engaged temporarily in 
order to provide a staff of four workers, to carry out a planned meu'ine 
investigation. Unfortunately, this programme was interrupted 
before the end of the preparatory stage by the financial crisis in 1931. 

At present the Fisheries Research Directorate of the Coastguards 
and Fisheries Service Marine Laboratory consists of two Egyptians 
who have recently returned from training in England and France, 
and one who has had the additional experience of working on the 
Mabahiaa during the John Murray Expedition to the Indian Ocean. 
To this latter official. Dr. Hussein Fawxi Effendi, L.-^s-Sc., Paris, has 
been confided the general direction of research work. 
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By a. J. MEE, M.A., B.8c. 

The chemistry of taste is a subject still in its infancy. Although 
many observations have been made on the tastes of substances, 
we are still very far from possessing a theory which will correlate 
these observations with the chemical constitution of the substance. 
It is clear that taste must be a chemical sense, and must be con¬ 
ditioned, in some way not yet known, by chemical constitution. 
It is the purpose of this article to give a summary of the theories 
that have been put forward up to the present. 

Considered from the physiological point of view, the sense of 
taste has much less capacity for discrimination than the sense of 
sight. Whilst colours are more or lees easily recognised by the 
majority of persons (with the exception of the colour-blind), there 
is frequently a considerable difference with regard to the dis¬ 
crimination of taste. What is a sweet substance to one, may be 
bitter, or insipid to another. The phenomenon of ‘ ‘ taste-blindness ” 
is now being more fully investigated, and some of the results that 
have been obtained will be briefly referred to later. Although it 
is sometimes difficult to discriminate between tastes, it is even 
more difficult to discriminate between degrees of sweetness and 
sourness. In taste there are only flve general classes—sweet, bitter, 
salt, sour, and insipid—into which substances may be placed ; and 
it may be pointed out that these correspond rather to light and 
darkness in the case of sight, than to colour perception. Degrees 
of sweetness and sourness are only perceived with difficulty, prob¬ 
ably because the sense of taste is due to the stimulation of a whole 
host of taste-buds, and may therefore be regarded as an “ average ” 
effect. There is the possibility that some may be more sensitive 
than others, as indeed has been recently shown. In the case of 
sight, the perceptive organ may be regarded as a single whole, and, 
consequently, light discrimination may be much more delicately 
accomplished. Of course, it may be remarked that even with the 
eye, it is very difficult to estimate degrees of brightness with 
accuracy. 
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Hie faet tliat acids taste sour has long been known. Possibly 
one of the earliest of chemical processes was the fermentation of 
sugar, and the subsequent oxidation of the alcohol produced, to 
form vinegar. If an acid is completely dissociated into its ions in 
aqueous solution, which is true for strong acids, its taste must be 
due to that of the two ions. The limit at which hydrochloric acid 
still tastes sour was determined by Kahlenberg [1] in 1900 to be 
iV/800. A solution of common salt of this concentration is taste¬ 
less. Hence, the chloride ion has ceased to taste at this concen¬ 
tration, and the taste of the acid must be due to the hydrogen 
ions alone. Weak acids, which, of course, provide a smaller con¬ 
centration of hydrogen ions than strong acids, are less sour than 
strong acids at the same concentration, a fact first stated by 
Richards [2] in 1898. He was also able to show that the acid taste 
of hydrochloric acid was diminished by the addition of sodium 
acetate, which would, of course, lower the hydrogen ion concen¬ 
tration. He must have been possessed of a remarkable sense of 
taste, for he claimed to be able to tell the end-point in a titration 
of JV/10 acid and alkali by this means. Such a method of volu¬ 
metric analysis could not, however, be generally adopted, owing 
to the large individual differences in taste perception, to which 
reference has already been made, and also owing to the fact that 
taste, like the other senses, gets fatigued, and after a time dis¬ 
crimination is almost impossible. In fact, taste seems to be more 
easily fatigued than most of the other senses. 

It would appear then, from the work already quoted, that the 
taste of an acid is largely due to the hydrogen ion concentration. 
All attempts to derive a-iy quantitative relationship between hydro¬ 
gen ion concentration and taste have, however, failed. Kahlen¬ 
berg [1] investigated weak and strong acids, and found that acetic 
acid still possessed a distinctly acid taste in N/2W solutions, whilst 
for hydrochloric acid, the limit was i\^/800, although the hydrogen 
ion concentration in solutions of these concentrations was four times 
as great in the hydrochloric acid as in the acetic acid. With 
acid sodium and potassium salts, the limit was oven less than this. 

Solutions of sodium and potassium hydroxide, and also of 
sodium carbonate have characteristic tastes, which appear to be 
doe to the hydroxyl ion; but there is little doubt that it is not 
the cation or anion alone that decides the taste of a substance, 
but the combination of the two. Thus, although an acid tastes 
sour, and there appears to be little or no difference between the 
taste of one acid and another, the statement made above that the 
hydroxyl group possesses a ohiraoteriBtio taste, indtoates that the 
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anion in some cases, if not in all, may also be a factor in deciding 
the taste. Hdber and Kiesow [3] carried out experiments on the 
taste of sodium and potassium salts, and found that the anion as 
well as the cation was effective in deciding the taste. This indeed 
is only a common-sense conclusion, for otherwise all sodium salts 
would taste salt, since sodium chloride does. 

The extent to which an^nion or a cation con decide the taste 
of a compound depends a good deal on its nature. In the case of 
the chlorides of the alkali and alkaline earth metals, the cation 
seems to have very little influence, since the chlorides of sodium, 
potassium, ammonium, and calcium all taste salty. The difficulty 
which has yet to be solved is. To what extent is taste an additive 
property ? The mixing of tastes is not yet understood. The most 
recent work on the tastes of salts has been done by Dietzel [4]. 

Turning now to organic compounds, we And that the field is 
much wider, although attempts have been made to solve the prob¬ 
lem in much the same way as with inorganic compounds. A large 
amount of material on the taste of oiganio compounds has been 
collected ; the difficulty is to reduce it to order. It is well known 
that many of the carbohydrates, such as glucose, sucrose, etc., are 
sweet. Nef first pointed out that these compounds contained, in 
common with other sweet substances, the group (CHOH),^, which 
seemed to have the power of conferring sweetness on a substance. 
The work of Emil Fischer [5] on the amino-acids, showed that 
many of the «-amino-acids have a sweet taste. L. Henry [6] showed 
that bitterness was frequently associated with the group 


< 


NO, 

CH.OH 


and the nitro-group often seems to give bitterness to substances. 
In 1914, all the available material was collected by G. Cohn in his 
book Die Organischen Oeachmackatoffe. He attempted to show that 
there was a connection between taste and chemical constitution, 
in so far as taste appeared to be dependent upon the existence of 
certain groups in the molecule, such as hydroxyl and amino groups. 
These taste-producing groups he called “ sapophoric ” groups. He 
pointed out that they occurred very frequently in pairs. A re¬ 
markable fact brought to light by Cohn was that sweet and bitter 
substances are often very closely related chemically. The lower 
members of an homologous series may be sweet, and the higher 
members sour, there being a continuous gradation of taste between 
the two. He also showed that the taste of a substance may fre¬ 
quently be complicated by the existence of an “ after-taste.*' A 
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sweet substanoe may leave behind it a bitter after-taste. Cohn 
was unable to arrive at any theory by means of which the taste 
of a substance could be predicted from its chemical formula. 

The first attempt to do this was carried out by Oertly and 
Myers [7], who dealt with the sweetness of aliphatic compounds. 
The comparative success of the theory of the relationship between 
colour and choraioal constitution, developed by Witt and others [8], 
led them to work on a similar basis for taste and chemical con¬ 
stitution. It will be remembered that in Witt’s theory, the dye¬ 
ing properties of a substance are supposed to be due to the presence 
in the molecule of two groups, the first, a chromophore, which is 
characterised by the presence of a double bond, and the second an 
auxoohromo. The substance containing the chromophoric group 
is called a chromogen, and this molecule itself is frequently coloured. 
It will not, however, dye, until one or more auxochromes are intro¬ 
duced into the molecule. 

Similar relationships were sought by Oertly and Myers amongst 
substances possessing a taste. Cohn had already pointed out that 
his “ sapophoric ” groups often occurred in pairs, and Oertly and 
Myers found that two factors were necessary for the production of 
taste in an organic compound. By analogy with the terms used 
in Witt’s colour theory, they called these two groups the glucophore 
and the auxogluc. Any glucophore will give a sweet compound 
with an auxogluc. To find out whether a substance will bo sweet 
or not from an inspection of its chemical formula, it is necessary 
first to see whether it contains a glucophore ; if it does not, it may 
bo said at once that the compound is not sweet. If, however, it 
does contain a glucophore, it may or may not bo sweet. To be sweet 
it must also contain an auxogluc. If it contains an acid radical, 
it will be sour, or possibly bitter. 

The chief glucophores were 

---CO--CHOH—(H),‘ —CH.OH.CHOH-, —COOH.CHNH,—, 

—CH.O.NO.- , —or , and .. -.(Y 

\h 1, NHl, 

where HI stands for a halogen atom. The auxoglucs were H, the 
radicals of satruated hydrocarbons, i, where n could be 1, 

2, or 3, the radicals of monohydric alcohols, n being 1 

or 2, and the radicals of polyhydrio alcohols. 

* The —00—CHOH— groiq>mg must be combined with at least one 
hydrogsn atom to become a glucophore. This is indicated by putting the 
H atom in fairaoketa, 
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It mtist be emphaeised that the auxoglaoe mtut be present in 
addition to the gluoophores. Thus, nearly every organic eompound 
contains hydrogen, but, unless it contains hydrogen in addition to 
the gluoophore (which may itself embrace all the hydrogen in the 
compound), it will not be sweet. 

1^0 take a few examples, we may consider the typically sweet 
compounds glycol, glycerol, glucose, sucrose, and saccharin. Glycol 
has the composition CHiOH.CHtOH. It contains the gluoophore 
CH,OH.CHOH.—, and is the most simple compound in which this 
gluoophore occurs. This would not, of necessity, make it sweet, 
but it contains the auxogluc, hydrogen, in addition, and hence is 
sweet. Glycerol contains the same gluoophore, for its structural 
formula is CH,OH.CHOH.CH|OH. It alro contains the auxogluc 
CH,OH, the radical of a monohydric alcohol already referred to, 
in which n is 1. Glucose has the structural formula 


H.C.OH 

I 

H.C.OH 
I 0 
HO.C.H 
I 

H.C.OH 

I 

H.C- 

I 

CH,OH 

It therefore contains the group —CO—CHOH—, which is a gluco- 
phore, and also the group CH,OH. To a certain extent the degree 
of sweetness of a compound seems to depend upon the number of 
gluoophores or auxogluos in it. Thus, sucrose, of which the con¬ 
stitution is 


CH,OH 


CHOH—CHOH 

—<5h \hi 


OH 


CH.OH CHOH—CHOH 


\ 


-CH- 



CH,OH 


contains more CHOH groups than glucose, and is considerably 
sweeter. It is seen that it contains three of the necessary auxo¬ 
gluc groups, CHiOH. It is a peculiar fact that the bidder oarbo- 
hydrates, such as starch, and cellulose, lose their sweetening power. 
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This may be due to stereoisomerio influMioes, about which a little 
will be said later, but no theory concerning this decrease in sweet¬ 
ness of the polysaccharides has yet been put forward. 

Saccharin, which is well known as a substitute for sugar, being 
550 times as sweet os the same quantity of cane sugar, is an 
aromatic body, and as such did not fall under Oertly and Myers’ 
consideration. It is the imide of o-sulphobenzoic acid, and has 
the constitution 



The ammonium salt is said to be even sweeter than the imide 
itself. As an imide, saccharin may be regarded as the anhydride 
of a sulphamido-acid, containing the group C.SOgNH,, but this 
was not among the list of gluoophores or auxoglucs. No reason 
for the sweetness of this compound has yet been derived. 

Returning to aliphatic compounds, we may consider the amino- 
acids, which were shown by IHsoher to be sweet. a-aminobnt 3 nrio 
acid, CH,.CH,.CH(NH,)COOH, is sweet. It contains the gluco- 
phore COOH.CHNH,, and also the auxogluc, CtH,. AsxHirtic acid, 
COOH.CH,.CH(NH,)COOH, contains the same glucophore, but has 
no auxogluc ; it is instead attached to an acid radical, and there¬ 
fore tastes sour. 

The theory was a step forward; it certainly did explain the 
taste of many aliphatic organic compounds on the basis of their 
constitution, but it was not comprehensive enough, and had to 
meet numerous objections. One of these is the effect of stereo¬ 
isomerism on the taste of a compound, which is not even yet ex¬ 
plained. Many compounds are sweet in one optically active form, 
and insipid, or even bitter, in the other. It would therefore appear 
that taste is not dependent simply upon the number of groups in 
the molecule, and tlmir nature, but also upon their arrangement 
in space, d-Valin. (CH,).CH.CH(NH,)COOH is made up of the 
glucophore —CH(NH,)COOH, and the auxogluc (CHt)«CH—, and 
is sweet, as required by the theory; but I-valin, containing the 
same groups, but differently arranged in space, is insipid. The 
racemic mixture is sweet. Stereoisomerio influences are also shown 
by the &ot that c-anisaldoxime is sweet, whilst /J-anisaldoxime is 
bitter. 

The effect of tiie introduction of the jdienyl group, C«Ht, is 
also important. Althou^ their wmrk did not cover the aromatic 
omnpouiids, Oertiy and Myers pointed out that when a phenyl 
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group was introduced into a sweet compound, it very often reduced 
the sweetness, and even sometimes made it bitter. Thus, glycol 
is sweet; styrol, C,H|.CH(OH)CH,OH, is slightly bitter. The 
bitterness of certain gluoosi^ containing aromatic residue may 
perhaps be accounted for in a similar way. 

No theory of bitterness seems yet to have been put forward. 
It might be possible to work out such a theory on similar lines to 
those of Oertly and Myers. A theory resembling in some degree 
that of these investigators was put forward later by Heidusohka 
and Komm [9], in an attempt to explain the taste of the a-amino- 
acids. They distinguished between amarogeneous and didoigenous 
groups The group 

XX)OH 

found in the a-amino-acids, is a dulcigenous group. 

The efifeot of replacement of certain elements or groups in a 
compound by others, on its taste, lias been investigated by Fox [10]. 
Dulcin, p-ethoxyphenylcarbamide, which contains the group 

—NH—C—NH, 

II 

O 

has, for most people, a definitely sweet taste. If the oxygen of 
this group is replaced by sulphur, the substance becomes bitter. 
The replacement of the hydrogen of the amino-group, or the addi¬ 
tion of other groups has no effect. This may be due to the fact 
that unsymmetrical compounds are formed. They have for the 
majority a bitter taste, and in this compound, the CO and C8 
groups appear to be the only ones affecting the taste. Fox showed 
that the bitter taste of many derivatives of phenylthiocarbamide, 
s- and os-diphenylthiocarbamide, and certain other derivatives of 
thiocarbamide is perceived only by certain individuals. Others 
find these compounds tasteless. This “ taste-blindness ” is not 
connected with sex, age, or race. The failure to taste these com¬ 
pounds may be due to their insolubility in the saliva of some per¬ 
sons, for it seems to be a rule that for a substance to be tasted, 
it must be soluble in the saliva. 

It is of interest to study this question also from the physiologiosl 
side. Blakeslee [11] has determined the threshold concentrations 
of aqueous solutions of phenylthiocarbamide at which the bitter 
taste is distinguishable for different individuals. It var^ con¬ 
siderably from case to case, and sometimes is so high that a oon- 
oentrat^ aqueous solution, and even the dry powder placed on 
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the tongue, does not call forth the taste. The experiments were 
oarried out with 103 families, and seem to indicate definitely that 
the capacity for tasting certain substances is innate, and is in¬ 
herited by the offspring according to Mendel’s laws. This result 
was also arrived at by Fox [12], from work on the taste of p~ 
ethoxyphenyloarbamide already referred to, and has been verified 
by Snyder [13]. The deficiency is due to a single recessive gene. 
Taste-blindness has also been studied by Levene and Anderson [14], 
who have shown that the percentage of individuals who fail to 
taste p-ethoxypbenylcarbamido is much less among the American 
Indians than among the white population. Of course, it is neces¬ 
sary to be wary of making a sweeping generalisation from such 
few data, but it certainly seems from the recent work that taste- 
blindness is inherited. 

The difficulties in the way of any satisfactory theory of the 
relationship between taste and chemical constitution have been 
made apparent in this review. When we have a rational standard 
upon which to base a scale of taste, and the personal element can 
be eliminated, we still have to discover the relationship between 
the arrangement of the groups in the molecule of the compound 
and its taste, before any comprehensive theory can be drawn up. 
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MICROBES IN ASSOCIATION 

By HUGH NICOL, Ph.D., A.I.C. 

HaiA am tUd EwperlnmUd 8Udim, Hurptndm 

Mbdical and veterinary bacteriologists have in most oases supposed, 
when mioro-organisms have been found associated in a lesion or in the 
production of a syndrome, that all but one of these species were more 
or less accidental concomitants or followers of the true, single, 
pathogen. 

Until recently, plant pathologists have made similar aesumptionB 
to those made by animal pathologists. Erwin Smith, who may 
almost be considered as the founder of plant pathology, so notable 
have been his contributions to that science, was particularly strict 
in applying Koch’s postulates to the study of micro-organisms 
pathogenic for plants. 

The fact that pathogens usually occur as single species in internal 
lesions of animals and in many plant diseases is probably accounted 
for by the unadaptability of tissues of higher organisms; these, 
while alive, have a positive resistance towards invasion by microbial 
agents. Non-living matter is subject to the most diverse forms of 
microbial attack, so that the bacteriology of decomposition Is 
necessarily a study, not of the reactions of a bacterium and of a 
many-celled higher organism, but of a complex of micro-organisms 
in some sort of equilibrium amongst themselves. M. Stephenson’s 
Bacterial metabolism (London, 1930) considers very few oases of 
bacteria grown in association. In soil bacteriology, the study of 
societies of two or more species of bacteria has not made much 
progress. In this respect, indeed, soil bacteriology is not absduteJy 
worse off than other branches of bacteriology, but relatively it is so, 
since its need for the study of bacterial and fungal associations is 
probably greater than in medical or in industrial bacteriology. 

Protozoologists unselfconsciously use the term “pure mixed 
culture ’’ to denote a strain of protozoon, itself pure, grown in the 
society of a pure strain of bacteria, upon which the protozoa feed. 
A pure strain of protozoon is often grown with a mixed flora of 
bacteria, because it is seldom easy, or necei^ry for the proto¬ 
zoologist’s purpose, to reduce the number of spedes of bacteria to 
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one. in baoteriologioal work the need for some such term as 
“ pore mixed culture ” is beginning to be felt, but no new and 
aatisfisctory term has yet been evolved, so far as the author is aware. 
The awkward phrase “ pure mixed culture ” seems likely to con¬ 
tinue in use among bacteriologists, who do not, of course, inotude 
protoeoa in their sense and use of that term. 

Medical bacteriologists have made numwous but sporadic 
observations on effects of bacteria in association upon and in culture 
media. Many of these observations relate to acid and gas produc¬ 
tion from carbohydrates, frequently by fecal bacteria or by the 
commoner saprophytes. Results are for the most part merely 
qualitative and disparate. A good summary of such work is given 
in the opening pages of the third volume of Buchanan and Fulmer’s 
Pkynology and Biochemutry of Bacteria (London, 1930), in which 
numerous other associations are mentioned. To the author it does 
not appear that any clear result emerges from a perusal of this 
summary, unless it be a conviction that the various kinds and 
degrees of association require closer defining than that which has 
hitherto been granted to them. To give a physical analogy, the 
study of bacterial associations is somewhat in the state in which 
wave-physics would be if waves of all kinds were considered indis- 
oriminatdy. 

There are many possible types of association, from a reciprocal 
symbiosis to antagonism. Terms have been coined to express some 
oS these types : commensalism, synergy, metabiosis, antibiosis, are 
examples, but the states they imply are loosely defined. Much work 
will be necessary before such terms can be with precision, and 
additional nomenclatime will no doubt be required in proportion to 
the degree of clarification attained. The degree of dependence of 
the members of an association may vary from that of a symbiosis 
to a simple commingling or mixture, though there is often metabolic 
oxaltation due to mere association. On the other hand a depression 
of activity of one or both members may be observed, as in para¬ 
sitism. Ihere is no sharp line of division : symbiosis may pass into 
patasitism, or both states may coexist. Dr. H. G. Thornton’s 
fublished (in part with Dr. Winifred Brenohley) and unpublished 
work performed at Bothamsted has shown that in the association 
of leguminous host plant and nodule bacteria, the reciprocally 
helpful state may pass into parasitism upon certain changes oocuning 
in external conditions; also, symbiosis and parasitism normally 
coexist in eatdii lucerne nodule that has attained a sufficient age. 
In the United States it has been shown that some strains of nodule 
bacteria are essentially parasitio. An able and philosophical review 
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of some t 3 rpe 8 of association has been made by W. L. H<dman in 
Jordan and Falk’s Newer Knowledge of Bacteriologjf and Immunity 
(Chicago, 1929), but that review is reetricted to phencnnena in 
medical bacteriolc^. Some additional associations will now be 
mentioned. 

Natubal abd Sehi-natitbal Associations. 

Swine influenza has recently been shown to be due to the joint 
action of a bacterium and a virus, neither of which alone is able to 
reproduce the typical picture of the disease, which is interesting 
because it somewhat resembles human influenza. A good aooount 
of the investigations on swine influenza has been given by F. C. 
Minett in the Journal of the Royal Agricultural Society for 1933 (94, 
232). In plants several strains of one fungus, e.g. Botrytis cinerea, 
may be found to occur simultaneously, but this simultaneous in¬ 
vasion is by no means a matter of course, nor, when it occurs, is it 
clear how the various strains act or react. A single leguminous 
plant is liable to be infected with at least two strains of its appro¬ 
priate nodule bacteria. (D. H. Dunham and 1. L. Baldwin, Boil 
Sci., 32, 1931, 235). Such multiple infection becomes of praotioal 
importance whenever there is antagonism between strains, and 
when it is desired to compete by a process of seed “ inoculation ” 
with an ineffective strain already present in the soU. This problem 
is being studied at Bothamsted. 

In the brewing industry rigorous exclusion of infection is seldom 
aimed at, but ordinary working conditions are adjusted to keep the 
yeast free from gross contamination by unwanted oiganisms. 
British brewers do not employ pme lines of yeast, though their 
inoculum must be substantially a pure culture in the ordinary sense. 
Occasionally the yeast becomes infected with “ wild ” yeasts or 
with undesirable bacteria or both, and it then has to be rejected. 
A less obvious source of deterioration of yeast causes the yeast to 
become “ weak.” A ” weak ” yeast is often benefited by a “ change 
of air ”—most probably a change in conditions of growth. Bn- 
ohanges of yeast between breweries are frequently made, and a yeaat 
which perhaps is showing signs of weakening, often recovers its Ml 
power of fermentation when transferred to another brewery. The 
cause of weakness in yeast is obscure, but the condition is poadbty 
ultimately dependent on the relative proportion of two or mc»e 
strains. 

In German breweries the use of pure lines of yeast which have 
bemi originated from a single ceU is widespread. It has been sug¬ 
gested that the lack of distinctive character of similar kinds of beer 
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brewed by different German breweries is due to the use of pure lines, 
and a proposal to use mixed pure lines of yeast has been made. 
It was hoped in this way to establish an individuality for each beer 
that was lost when pure lines replaced the former mixed strains 
native to each brewery. 

Fermented milks, such as kefir, are made by the joint action of 
yeasts and bacteria; the former supply the alcohol and the latter 
the acid. It is to the resultant mixture of flavours of alcohol and 
sharpness, together with esters and carbon dioxide, that the 
characters of kefir are due. According to S J. Thomas {Joum. 
Jnd. Eng. Chem., 6, 1916, 821) matxoon, an Armenian fermented 
milk, contains three active organisms : a bacillus, a streptococcus 
and a yeast. The lactic acid of matzoon is optically inactive, but 
resolvable. 

Yoghurt is milk soured after partial evaporation. The joint 
action of several bacteria is necessary to secure the correct con¬ 
dition of the curd with a desirable flavour, so that a wide range of 
associations is possible to meet the taste of the consumer. M. 
Beijerinck’s view of the condition of associations of bacteria re¬ 
sponsible for the production of commercial preparations of soured 
milk may be expressed by saying that these associations are in 
unstable equilibrium, owing to their varying biotic requirements— 
especiAlly as to temperature and oxygen supply. On account of 
this instobility it is not possible to continue inoculation of fiesh 
milk from a properly soured sample indefinitely ; after a very few 
transfers the balance has been so much disturbed that an undesir¬ 
able product results from fermentation. Commercial quantities of 
yoghurt are therefore made from continually renewed mixtures of 
the single species, which are maintained in pure cultiues in milk. 

Biological filters offer interesting examples of complex natural 
ndoro-organic associations spontaneously formed on an artificial 
mtpport. Sand beds have long been used as biological filters for the 
purification of water, while a small sectional biological filter, con- 
skiting of a vertically disposed series of cups of porous stone, was 
illustrated in Bradley’s New JtnprovemmUi tn Oardening as long ago 
as 1724. 

A film of bacteria and protozoa, supported on gravel or clinker, 
has bem used to effect the oxidation of the dilute impure sucrose 
sedations discharged from beet sugar factories. Such an effluent, 
after passage through the filter, contains notable quantities of nitrate. 
Aooording to Whn^radsky’s classical work, the nitrite- and nitrate- 
prodaoiiig bacteria should be depressed by the presence of sugar and 
of the otiier organic matter. Whereas Winogradsky was able to 
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obtain colony formation erf the nitrif 3 nng bacteria oirfy aiter exdn* 
sion of organic matter, biological productiem of nitrite and nitrate 
actively prooeeda in the filter in pteeenoe of living and dead oeganio 
substance. The biological filter as applied to the purificatioa of 
effluents thus affords an instructive example of the effiDote trf a 
misoellaneous association and of the caution that is neoeeeary in 
arguing from the results of a study of pure cultures to a consideration 
of natural conditions. 

Oxygenation in rice fields occurs under what is apparently 
stagnant water, flooding of the padi area being requisite for growth. 
In view of the commercial importance of the crop, it is surprising 
that the biology of the rice*field has not been more fully investigated. 
It appears that a film forms upon the surface of the soil under a 
shallow sheet of water, and oxygenation proceeds in this film, wlodi 
is largely composed of alg«e. The water slowly percolates down¬ 
wards, thus ensuring sufficient aeration of the film and of the plant 
roots. It is noteworthy that rice that has been transplanted makes 
more vigorous growth than rice allowed to pass its whole life on the 
spot where the seed falls. No adequate explanation of these fisets 
is known to the author, but it may be suggested that transplanting 
disturbs the siuface soil enough to allow the film of associating 
micro-organisms to develop a greater area in the immediate nmi^- 
bourhood of the roots. It is possible that a further assodatien 
exists between the micro-organisms and the plant roots. (Of. 
C. Thom and H. Humfeld, “ Notes on the Asswiation of Mioro- 
organisms and Roots,” Soil Sci., 34, 1932, 29.) 

Cultural Associations in thr Laboratorv 

Higher micro-organisms frequently exhibit curious phenomena 
of interaction in the zone of contact whm?e two species or strains are 
grown on one nutrient plate after inoculation at a little distaaoe 
apart. As examples may be mentioned the observatioas m 
myxomyoetes given by A. Quehl, referred to and extended by C. 
Vahle {Cenirbl. f. Bakt., Abt. II, 25, 1910, 178). M. O. Reinhasdt 
observed that when mycelia of the same fringal species {Selaratmk^) 
were paired in a culture, they grew towards each other and formed 
hypfaal fusiems quite smoothly; but when myedha of diflfawint 
species of Sderotinia were paired, they interfered with each other'k 
growth to a marked extent. ” Action at a diw twncii " hmm bran 
invdked in such connections. Other examples and iUustiatkiiis «w 
givaa by A. R. R. BuUer in his book Rtaearehea on Fungi, VoL V 
(Lonipnans Green, 1933). Repressive effects of association vi|h 
soil saprophytes were noted by G. B. Sanford and W. C. Broacbfoot 
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11,1930-1,512) for the “ Take-All ** ftingus (Ophiobohu 
graaiiMM) of wheat. FQtrates of bacteria and of fungi were some- 
tjinae nearly a« potent ae living cultures in suppressing the patho* 
gnodoity of O. graminia in soil culture. Continuing this line of work, 
A. W. Henry found {Canadian Journ. of Btaearck, 7, 1932, 198) that 
the “ Take-All ” fungus, inoculated into sterile soil, induced high 
mortality in wheat seedlings, but the incidence of the attack of the 
fhngos upon seedlings was greatly minimised when both were 
grown in unsterilised soil at 27° C. There was, however, a marked 
temperature effect. 

Probably the largest variety of groupings and of qriantitative 
obsorvations on associated growth of bacteria have been made in 
mixtures containing as one component, Azotobacter, the free-living, 
aerobic, nitrogen-fixing organism. The groupings may be considered 
seriatim. 

(а) Azotobacter with protozoa. S. M. Nasir (Ann. Applied Biol., 
10, 1923, 122) and D. W. Cutler and D. V. Bal (Ann. Applied Biol., 
13, 1926, 616) have shown that in presence of protozoa, Azotobacter 
fixed more nitrogen than when grown in pure culture. The nitrogen¬ 
fixing organism in presence of protozoa remained in the colourless 
form and did not show the browning due to senility. 

(б) Azotobacter with algse. C. B. Lipman and L. J. H. Teakle 
(Joum. Phyeiol., 7, 1925, 609) noted a stimulation of Azotobacter in 
the presence of Chlordla. In 1894, P. Kossowitsoh had already 
shown that a mixture of the alga Noetoc with a crude culture of soO 
bacteria was able to fix nitron. The species of the bacteria 
responsible for the nitrogen fixation was not determined. 

(e) Azotobacter with Azotobacter. J. Hanzawa (Centrbl. f. Bold., 
Abt. 11, 41, 1014, 573) showed that two species of Azotobacter when 
grown together fixed more nitrogen than did either grown separately, 
but Mahmoud Selim (Proc. Second Ini. Congr. Soil Sci., 3, 83, 
Moscow, 1932) found that a mixture of two strains fixed no more 
nitrogen than did an ordinary pore culture. 

(d) Azotobacter with other bacteria. M. Beijerinok, who first 
recognized the nitrogen-fixing ability of Azotobacter, began by 
assuming that the co-operation of another bacterial species was 
essential for fixation to occur. Althou^ this was shown by J. C. 
Lipman to be imtrue, it led to numerous observations upon mixed 
eoltures of Azotobaciter and other bacteria. Of these may be cited 
J. Stoklaaa (with JBodiokader, Centrbl.f. Bakt., Abt. 11,21, 1908, 484 
and 620), D. M. Novt^piidsky (with B. Stutzeri and B. denitro- 
flmoreteemz, Trane. Itut. Fmtiimre, No. 76, p. 69, Moscow, 1930), 
and eeveral mixtures studied by Mahmoud Selim (reference above), 
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An interesting case is that of activity in soil of Clostridium pastori- 
anum, the anaerobic nitrogen-fixing organism. V. S. Omeliansky 
and M. Solunskov thought that aerobic soil oiganisms, including 
Azotobacter, removed oxygen and thus facilitated the existence and 
activity of the Clostridium ; at the same time they neutralised the 
butyric acid excreted by that anserobe. Similar explanations may, 
of course, apply in other cases where one member of a mixed growth 
uses up a constituent or by-product detrimental to another member. 
(An abstract of Russian papers by Omeliansky and Solunskov can be 
found m CentrU. /. Bakt., Abt. II, 49, 1919, 473 ) 

Further examples and a review of some work on Azotobacter are 
given by E. J. Russell, Soil Conditions and Plant (irowth, London, 
1932, pp. 336 seqq. 

Efiects of protozoa upon the efficiency and activity of bacteria in 
the production of ammonia and carbon dioxide have been investi¬ 
gated by D. W. Cutler and L. M. Crump {Ann. Applied Biol., 16, 
1929,472), by Jane Meiklejohn {Ann. Applied Biol, 17, 1930, 614, and 
19, 1932, 584) and by L. de Telegdy-Kov&ts {Ann. Applied Biol., 
19, 1932, 66). The activity of the bacteria was heightened by the 
presence of protozoa, which appeared to maintain the bacterial 
culture in a condition of “ physiological youth.” 

According toC. E Marshall {Centrbl. f. Bakt , Abt. II, 15, 1906, 
400) who worked with associations of lactic acid bacteria the prod¬ 
ucts of associated bacteria ” are known ” to exert the same influence 
as the living bacteria themselves. This idea has been followed up 
by S. Knudsen and A. Sorensen {Den kongelige Veter.- og Landboh. 
Aarsskrift, 1929, p. 64 ; Cojienhagen ; Danish with English sum¬ 
mary). These authors noticed that some of their strains of Strepto¬ 
coccus cremoris grew poorly in aseptic and in sterilised milk, and dis¬ 
played abnormal cell forms therein. After the addition of autolysed 
yeast, of milk digested by moulds, and of several other unrelated 
substances, the abnormal strains grew normally. In ordinary 
dairying, foreign bacteria introduced by dirt prepare the way for 
the growth of the starter streptococci difficultly cultivable in sterile 
milk. A variability in the natural bactericidal power of milk firom 
different cows makes itself felt upon the effects of the starter, not 
directly, but through and upon the growth of associated foreign 
micro-organisms. 

The starters themselves are not, however, pure, since they contain 
variable numbers of the aroma-producing Betaoocci. Knudsen and 
Sorensen found that Betacocci throve best ” in symbiosis with ” 
those streptococci which formed acid slowly, as the Betacocci could 
tolerate only a certain amount of acid. Ibis case is analogous to 
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that of Clottridium pastoranium in soil, mentioned above, bat it is 
doubtful whether the terra “ symbiosis ” should be used for either. 

C. S. Pederson, W. H. Peterson, and E. B. Fred (Joum. Bid. 
Chem., 68, 1926, 161) stated that in pure culture bacteria may pro¬ 
duce dextro- or Isevo-lactic acid almost exclusively. If those same 
pure strains are grown in mixture with an organism that does not 
produce lactic acid, an enantiomorph that is producied may have a 
sign opposite to that of the enantiomorph formed in pure cultures. 
E. L. Tatum, W. H Peterson and E B. Fred {Biochem Joum., 26, 
1932, 846) found that Chstndium acelobutylicum affected both 
dextro- and Isevo-lactic acid-producing bacteria by causing them to 
form inactive lactic acid. Intimate contact between the lactic acid 
bacteria and the Clostridium seemed to be necessary, no effect being 
obtained when the species were separated by a viscose membrane. 
Production of »-lactic acid was specifically due to the presence of 
Chstridxum aceiobutylicum This type of association is evidently 
a closer one than that which obtains in the starters, or in the 
matzoon studied by Thomas, whose work these authors do not 
mention. 
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POLYMERS 

Bv A. 8. C. LAWRENCE, Ph.D. 

Laboftatori/ of CoUmd Seitnee, Cutnbr%dif9 

The practical importance of polymers is made obvious by the 
widespread use of synthetic resins. Their theoretical importance 
is also great since they provide new fields for the chemist, the 
physicist and the physical chemist. The old-fashioned idea of 
polymers as aggregates of two or three molecules introduced no 
new field since these polymers were no more than large molecules 
—smaller often than many single molecules. What I may call the 
“ new polymers ” are giants. The polymer-molecule may contain 
a hundred or more polymerised units. The manner in which these 
are built up, their size and shape, the manner in which they are 
packed in the solid state and their disposition in solution ; these 
are some of the problems which comprise the new field. We are 
building with bricks enormously larger than the chemist’s ordinary 
bricks although the active chemical “ bricks ” are still the ordinary 
chemical groups. 

I call these “ new ” polymers, not because they are all new, but 
becarise their recognition as such is new. It is certain that many 
of the pol 3 aner 8 being examined to-day have been obtained in the 
past, but the workers who made them did not call them polymers. 
They called them something quite different and threw them down 
the sink. Reluctance to recognise extreme polymerisation as a 
regular chemical process is understandable. We know nothing yet 
of the peculiar reaction kinetics which can build up 100 formalde¬ 
hyde molecules into a giant pol 3 Tner-molecule chain of polyoxy- 
methylene. We need not consider seriously the possibility of 100 
molecules uniting simultaneously—a 100th order reaction ; but a 
step-by-step aggregation of molecules does not explain the ready 
and complete conversion of monomers to very high polymers which 
takes place so frequently. 

The usual text-book definition of a polymer is that n molecules 
of a substance M form a poljmer (M)„, so that the percentage com¬ 
position of the polymer is identical with that of the monomer. 
This is not only inadequate but in many oases misleading, because 

244 



POLYMERS 


245 


it in implied also that the ohemioal behavioor of the polymer is 
similar to that of the monomer. Typical examples are the poly¬ 
merisation of acetylene to benzene and allylene to mesitylene. To 
regard benzene as a polymer of acetylene is pointless and, if the 
second criterion is applied, grotesque. The wider view of polymers 
is well illustrated by viewing a standard text-book example in a 
new light. Aldehydes polymerise readily. Acetaldehyde forms 
paraldehyde thus: 

CH. 

I 

CH 

3CH,CHO O \) 

CH.CH CHCH, 



The monomer also undergoes the aldol condensation . 

2(’H,CHO CH,CH(OH)CH,CHO. 

But the aldol condensation need not stop here. It can go on 
and on : 

CH,CH(OH);CH,CH(OH)'OH,CH(OH);CH,CH(OH)-CH.CHO. 

1,11 

Now this is a real polymer in the sense that it contains a unit 
repeated over and over again with the chemically active groups at 
each end. The old-type polymer could never yield the huge field 
opened by these giant polymer-molecules, the number of which 
from any single monomer is very large and only limited by in¬ 
creasing sluggishness in reacting when they become so enormous. 
Further, this definition does not require the polymer to be built 
up from a single molecule. Condensation of two different mole¬ 
cules can form a polymer in which there is a regularly repeated 
unit of structure as in the urea-formaldehyde resins; 

NHCH,—NCH,-NCH,OH 

I I I 

c=.o c»o c»=o 

I I I 

NHCH,—NCH,-NCH,OH 

The hydrocarbons may be regarded as the simplest possible 
polymers. 

H H H H H H 

I I I I II 

H—C—C—C—C-C—C—H 


H H H H 


H H 
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They are thus polymethylenes. Their chemical behaviour is that 
of the terminal groups, in this case the two hydrogens. This is 
not a very characteristic example of a polymer owing to lack of 
polarity of these terminal groups, but natural petroleum is properly 
regarded as a complex mixture of various-sized polymers. A pro¬ 
cess such as “ cracking ” is a degradation of larger polymers to 
smaller. 

Formerly emphasis was laid on the fact that the monomer could 
be regenerated easily from the polymer, but this is not a general 
rule. Poly-oxy-ethylenes form a complex mixture of substances 
when heated to 300° C. The separation of a substance from a 
naturally-occurring polymer of large size is not necessarily the l)est 
starting-point for preparation of the polymer. Isoprene is the re¬ 
curring unit in rubber, but there is no reason for saying that rubber 
is built up from it. Actually isoprene can polymerise in three 
distinct ways : 

(1) CH,—CH-C—CH,—CH.—C-CH—CH, 

I 

CH, 

(2) CH,—C=CH—CH, 

I I 

CH, CH, 

This w tlio structural luiit in stretched rubber. 

(3) CH,—C;-C’H-CH,—CH,—CH-C—CH, 

I I 

CH, CH, 

Chemically, the polymer can often be considered as the two 
polar end-groups joined together by a long, more or less flexible 
bar. An end-group can be used to determine the molecular weight 
of the polymer. For example, in the polymers from the w-hydroiy 
acids, each polymer-molecule contains one free carboxyl group 
which can be titrated, thereby giving a rather accurate estimate of 
the extent of polymerisation. In other cases, peculiarities occur 
in the polymer. A very pretty case is that of adipic anhydride, 
whose monomer forms an anilide in the usual manner: 

p-CO(CH,).CO-^ -f C,H, NH, -► HO CO(CH,),CO NHC.H. 

But in the polymer, addition can occur in the following ways: 


€O R CO 

~0 CO R CO 

0—CORCO 

OCOR-OO 

RNH 

H RNH 

H H 

RNHNHR 


For infinitely long chains, the average proportion of products will 
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be 60 per cent of monoanilide, and 25 per cent each of dianilide 
and free acid. Such a distribution has been found. 


Thk Shape of Polymers 

For simplicity, only linear polymers have been mentioned so 
far, but the most important technically are three-dimensional poly¬ 
mers. The phenol-formaldehyde type of resin is built up on some 
such plan as : 



This is somewhat idealised and only ortho and para coupling is 
allowed for. It is clear that the polymer molecule can roach 
enormous dimensions. A lump of resin might be a single giant 
polymer molecule. Tliis is a good type of polymerisation since 
the rings existing in it are starting-points for other rings linked to 
them. If the number of positions of coupling is reduced by using 
;p-oresol, coupling can only occur in the ortho position (to the OH) 
and linear polymerisation results. 


HO HO HO 



Two types of ring formation must be considered. Ordinary 
ring closure of single molecules which is antagonistic to polymeri¬ 
sation ; and ring closure of polymers. The latter is not always 
easy to detect. It requires, of course, that there should be no 
active terminal groups, but the activity of these groups in the linear 
polymer is decreased when the len^h is great, f-caproic acid, 
NHt(CH,)»COOH, polymerises linearly, but the polymers showed 
no evidence of free acid or amino groups. Chains may lie formed 
which consist of two long chains parallel and joined at the two 
ends. Sometimes the shape of the pol}rmer can be identified by 
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X-ray examination. The WiirtE reaction on deoamethylene di¬ 
bromide yielded 2, 3, 4, 6,6, and 7 polymers which were recognised 
as the normal hydrocarbons containing 20, 30, 40, 50, 60, and 
70 carbon atoms respectively by the X-ray long spacings. 

A substance such as acetophenone can pol 3 rmeriBe only linearly ; 

CH,CC,H, 

CH—CX),H, 

II 

CH—€C,H. 

II 

O 

Ring formation is fairly common to form cyclo-hutane derivatives 
such as the addition of two molecules of cinnamic acid to form 
truxilUc acid : 

2C,H.CH=CH—COOH —► 

C.H jCH—CH—eoOH 

I I 

C.H.CH—CH—OOOH 

If the active groups are separated by 6 or 6 carbon atoms, ring 
closure becomes more probable. There are a number of substances 
which can only occur as rings or as polymers; for example, the 
anhydrides of the polybasic acids. 

The substance c-caproic acid already mentioned in which the 
reactive groups are separated by 5 carbon atoms forms the ring 
lactam, as well as the polymer in the proportion of about 20 per 
cent of lactam to 80 per cent of polymer, at 210” C. The hydroxy 
acids can react in three different ways, all of which have been 
observed. The monomer can form a lactone 

0(CH,), CO 

1 _ 

Linear polyesters are formed by intermolecular esterification: 

H[0—(OH,)«—CO]pOH 

Finally, cyclic polyesters can be formed: 

The Mecbanism ok Polymehisation 

The possibility of a linear polymer forming a closed chain and 
so stopping farther growth is not great since, while the ends of 
the chain are swinging round, there is much greater chance of 
meeting active groups on the ends of other molecules—single or 
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polymer—before they come together. The ease with which very 
long polymer chains are formed has not been explained. Little is 
known of the kinetics of the process except for a mass of informa¬ 
tion on accelerators and inhibitors. Numbers of patents have been 
taken out for catalysts for making rosins and synthetic rubber. 
From this mass of empiric facts, there emerge two salient ones. 
First, that the more rapid the polymerisation, the smaller the size 
of the polymer-molecules. In some oases apparent limits to the 
extent of the polymerisation appear to exist, but they may be due 
in these oases to some accidental experimental conditions. An 
interesting case is that of the action of sodium on p-dibromben- 
zene. In ether, Br-C,H«(C,H,),C,H«-Br was formed, while in boiling 
toluene, the polymer BrC,H*(C,H 4 ),,C,H 4 -Br twice as long was 
formed. According to the rule stated, we should have expected 
the shorter polymer in the boiling toluene. 

The second point is that oxygen is a very efficient catalyst for 
many polymerisations, although it has lieen found to act as an 
inhibitor when present in excess In cases where it has acted as 
catalyst, organic peroxides have been isolated, but this cannot be 
taken to mean that they are the accelerators. That they arc 
isolated may mean that they represent the inhibited polymerisation, 
the action m this case being oxidation of polar groups so that 
polymerisation cannot occur. 

In substances such as the saturated hydrocarbons, the un¬ 
saturated ethylenio compounds and the benzene ring it is easy to 
picture the action of the oxygen as loosening the terminal hydrogen 
atoms which are eliminated or by loosening the double itond of 
the ethylene linkage. Further, one can picture a chaip mechanism 
by which a single oxygen atom builds up an objective polymer 
chain of great length. The rate of polymerisation of vinyl acetate 
is pseudo-unimolecular, due to formation of an activated molecule 
for each one which reacts.* 

It is unfortunate that we do not know anything of the energy 
changes in the polymerisation processes. In condensation of 
paraffins or of benzene rings, a hydrogen is eliminated firom each 
condensing molecule, but we do not know how the critical energy for 
this loosening varies as the polymerisation increases. Is this energy 
the same for methane, pentane and a hydrocarbon infinitely long ? 
Or is it the same for benzene, diphenyl and di-diphenyl ? The 
internal energy corresponding to a given temperature increases with 
the number of linkages in the molecule, but we do not know to 
what extent this energy contributes to the breaking of any one 

* H. W. Starkweather and G. B. Taylor, J.A.C.S., 1»80, 52, 4708. 
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particular link. This is a general problem, but its bearing on 
polymerisation is clear. In some oases polymerisation seems to 
proceed more rapidly when it has gone a short way. Freshly dis¬ 
tilled styrene when heated polymerises with difficulty. If it stands 
for a day, it goes very much more readily at the same temperature. 
This, however, may be a spurious effect due to absorption of oxygon 
while standing which then-acts as a catalyst. It was found that 
the trimeric isobutylene when free from monomer and dimer would 
not polymerise further, whereas in their presence higher polymers 
were formed readily.* 

The Physical Phopkrties of Polymer Molecules 

When a substance or mixture has been [xilymorised by heating 
or other suitable treatment, a mass is obtained which consists of 
polymers of various sizes and, possibly, some free molecules. Some 
workers state that the resins are gels and that they are two-phase 
83 r 8 tems. Obviously, at sufficiently high temperatures there will 
be a suspension of large particles in a liquid dispersion medium, 
but under those conditions the mixture is not a rosin. The word 
“ phase ” in its ordinary scientific sense is meaningless in this con¬ 
nection. The resins have “ melting-points ” which are, in the 
higher polymers, the transition from opaque to clear plastic mass. 
They are not fluid owing to the structure of the larger polymer- 
molecules present. The mechanical properties of a resin depend 
upon the shape of the polymer molecules. It is desirable that 
polymerisation should be of the three-dimensional type since the 
linear pol 3 Tner 8 tend to be fibrous. They are similar to rubber 
except that they are harder at room temperatures. Carothers has 
described how linear polymers of oxy-deooic acids can be drawn 
out into threads when hot provided the molecular weight is above 
7,000 and still higher polymers can be cold drawn to threads which 
have a silky lustre, very lai^e tensile strength and which are optically 
homogeneous and give an X-ray fibre picture.* The method of 
X-ray examination does not give information of the size of the 
polymer-molecules but of the regularly repeated atomic ^upings 
within it. For example, cellulose gives a spacing of 10'3 A.U., con¬ 
firming Haworth’s structure proposed on purely chemical evidence. 
The micelles in cellulose may have ipicellar weights as high as 
100,000. That is, the micelle is a polymer-molecule some 700 
glucose units long. 

* 8. V. Lebedev and Q. Q. Koblyanki, fler., 1980, 63, 1432. 

* W. H. Carothers and F. J. van Natta, JA.CJS., 1938, 4714. 
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Optical examination of solutions of polymers may give evidence 
of fibrous form by streaming double refraction. It is, of course, 
necessary that there should be sufficient difference of refractive 
indices of polymer and disixjrsion medium. Then, if the form is 
linear, streaming will orient them and the flowing liquid will 
appear birofringent. Polystyrene shows the effect markedly. The 
polymer is : 

-OH -CHC;H-<:H r- CH- 


The cresol'formaldehyde polymer referred to already shows no such 
double refraction which suggests that the picture of linear poly¬ 
merisation by ortho coupling is too simple. Rmg closure of the 
polymer chains must occur or else sufficient meta coupling to form 
three-dimensional polymer. The amount of this meta coupling 
need obviously be quite small to destroy all linearity. 

The most complete examination of a ph^ical property of polymers 
has been made by Staudinger who used viscosity as his tool. High 
polymers form solutions which are colloidal. The micelle is the 
polymermolecule. Since this is held together by valency forces, the 
temperature coefficient of viscosity of such sols is that of a true 
solution and not the anomalously high one of sols such as the soaps 
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in ^oh raising the temperature increases the dispersion as well 
as the normal temperature effect on the liquid. Since the micelle 
is a single polymermoleoule, the solutions are all true molecular 
solutions, but some are colloidal and the lower polymers are not. 
There is no sharp dividing line. The sols of intermediate polymers 
are colloidal or not according to the definition or test employed. 
In all such solutions, linear pol}nner8 cause increase of viscosity 
above that of the solvent according to their length. From measure¬ 
ments, therefore, of viscosity, estimates of the size of polymers of 
any series can be obtained. Staudinger has also pointed out that 
there wiU be a critical concentration of any linear polymer above 
which the viscosity will increase more rapidly owing to increased 
interference of the micelles. This concentration is calculated by 
assuming that the polymers occupy effectively a volume equal to 

7i(0 0 where I is their length and 0 thickness. When this effective 


volume multiplied by the number of micelles in a given volume of 
solvent is equal to that volume, the critical concentration is reached 
and further increase of solute will cause greater interference of 
micelles with correspondingly greater viscosity. When the concen¬ 
tration gets higher still, flow will become anomalous. Poiseuille’s 
law is no longer obeyed and, if the polymers are large enough, 
gelation may occur. 

A synthetic resin is not a gel since there is no liquid dispersion 
medium present. The commercial products are treated specially 
to remove free molecules and to weld the mass into the most coherent 
form possible. I have not mentioned the types of polymer used 
for commercial purposes since the common ones are well known 
and the total number of ingredients which can form polymer rosins 
is so great that the mere list is suggestive of the worst type of 
preparative chemistry. I have tried to show that we have in 
polymers a new field for investigation, in which there is scope for 
every t 3 rpe of scientific inquiry and room for everyone who is 
interested in the objective reality of the molecule. 
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THE HON. ROBERT BOYLE’S ESSAYS OF 
EFFLUVIUMS (1673). 

By DOUGLAS MoKIE. Ph.D., B.So. 

DfpwtmtiU of BUUiry and MalkotU of Soiamn, Umversitp CoUti^e, London 

Bbforb the work of Lavoisier the most important attempt to 
explain the increase of weight observed in the calcination of metals 
was made by the Hon. Robert Boyle in his New Experiments to 
make the Parts of Fire and Flame Stable dk Ponderable (London, 
1673). With occasional modification Boyle’s explanation that this 
gain in weight was due to the fixation of fire-particles in the metals 
was generally accepted by chemists fi>r the next hundred years, 
although during this period chemical thought was completely 
dominated by the phlogiston theory. It has been claimed that, 
had Boyle’s conclusions been a little bolder—and Boyle was never 
a bold theorist—“ he would have forestalled the phlogiston theory ” 

(J. F. Fulton, A Bibliography of the Honourable Robert Boyle, Oxford, 
1932, p. 73). On the other hand, some writers have held that 
Boyle’s ideas on this problem formed the basis of that theory, but 
it has been pointed out that his explanation that a metal gains in 
weight on calcination by the addition of igneous corpuscles is the 
very opposite of the phlogistic explanation that calces are produced 
from metals by the loss of phlc^;iston (J. H. White, The History of 
the Phlogiston Theory, London, 1932, p. 41). 

Boyle's tract, however, appears to have been studied previously 
in isolation, whereas it should certainly have been considered in 
relation to his Essays of Effluviums (London, 1673), in which it forms 
one of five tracts. The histtn-ioal interest and importance of these 
Essays have been much neglected. Fulton refers to this book as 
“ one of the important but little-known scientifio works of Boyle, 
ranking in some respects with the Seeptioal Chymist ” (op. oit., p. 73). 
Its full title reads Essays of the Strange Subtilty, Ddeminate Nature, 
Great Efflcaey of Effluviums. To which are annext New Experiments 
to make Fire and Flame Ponderable: Together with A Discovery of 
the Perviousness of Glass. For the purposes of this paper we have 
been privileged to use the copy * presented by Boyle to the Royal 

^ No. 106 in Fulton’s Bibliography (p. 76). 
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Society on November 6, 1673, the title-page bearing his inscription 
being reproduced here by kind permission of the Society. 

The joint appearance of these five tracts in one volume is ex¬ 
plained in an introductory Advertisement to the Reader, in which it 
is pointed out that the author had previously shown that “ the 
corpuscular Philosophy gave more satisfactory and compre¬ 
hensible explanations of the properties of bodies than did the 
Aristotelian theory of the four elements and the Schoolmen’s 
doctrine of substantial forms ; that he had since made many further 
notes and experiments, more especially relating to “ occult ” 
properties, that is, properties that were not visible or manifest, 
and that these studies had neo&ssarily led him to the consideration 
of effluviums, the pores of bodies, the figures of corpuscles and local 
motions; that this work together with the material of his Notes 
d)C. about the Atmospheres of Consistent Bodies, appended to A 
Continuation of New Experiments Physico-Mechanical, Touching the 
Spring and Weight of the Air, and their Effects. The 1 Part (Oxford, 
1669), now appears in these Essays, unrevised because he had found 
“ that in what he had design’d about Occult Qualities, he had out 
himself out more work than probably he should during many years 
have opportunity to set upon in earnest, and complete ”; that, 
since the notes on the pores of bodies, the figures of corpuscles and 
local motions were either missing or so misused that they could 
not be easily got ready for this volume, the author added the tract 
on Flame because of its close connection with the doctrine of 
effluviums; and that he had intended to include another tract in 
which the ponderability of the matter of sunbeams * was to be 
discussed, but the “ cold and wet Summer ” was “ unfriendly to 
the Tryals to be made with Burning-glasses.” 

The Essays are written in the style and with the scientific 
approach that characterises all Boyle’s work: the philosopher 
ambles leisurely along the road, contumally diverging to wander up 
parenthetical bypaths but always returning to the highway of his 
purpose with another fact or illustration carefully gathered for his 
argument. Exact quantitative experiments are noted down along¬ 
side bare observations of everyday life together with travellers’ 
and occasionally old wives’ tales. But everywhere the Essays 
show Boyle’s kMn pwception of the common facts of nature and 

* Boyle was the reetorer of mechanioal philosophy in England: he sought 
to explain all natural phenomena in terms of oorpusclee that differed in their 
sizes, shapes, motions and order of arrangement. 

* Whence be had hoped to obtain some evidence bearing on the question 
of whether li(d>t was corporeal or a more quality. 
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of their value in supporting ot refuting hypotheses : and throughout 
they are written in that glorious seventeenth-century prose of which 
the Sceptical Chymist was so notable a master. 

The Stbakob Subtilty of Efflxtviums 

The tract Of the Strange Subtilty of Effluviums opens with the 
statement that, although the view that the effluviums of bodies 
consist of extremely minute particles is not inconsistent either 
with the theories of the atomists, who suppose that all bodies are 
made up of insensible, but indivisible, corpuscles, or with those of 
the Cartesians, who hold that matter is indefinitely, if not infinitely, 
divisible, its correctness will be demonstrated, not by deduction 
from principles, but by induction from experiments and observations. 
Boyle then proceeds to collect evidence to show that some bodies 
are capable of great rarefaction without their parts becoming 
intangible ; that a small portion of matter can produce a “ multitude 
of Visible Corpuscles ” ; that the pores that are penetrable by the 
effluvia of certain bodies arc extremely small; that a body loses 
only a minute part of its weight on parting with “ great store of 
Effluvia ” ; and that a small amount of matter, when rarefied, 
may sensibly fill a very la:^ space. 

From the extensive mass of evidence discursively presented by 
Boyle it will sufflce here to quote some typical instances in the 
order indicated in the preceding paragraph. Gold, silver and gilt 
wires and silk could be drawn to an exceedingly great fineness: 
the measurement of the area of six weighed gold-leaves showed that 
a grain of gold was divisible into two million visible parts : and an 
ounce of gold, used to gild silver wire, was extended to a length of 
over 165 miles, while this superficial cylinder of gold was clearly 
further divisible into strips along its length. An ounce of water 
converted into steam by an eeolipile maintained a conical cloud, 
1 inch in diameter and 20 inches long, of “ manifestly visible 
Corpuscles ” for about 20 minutes : the oil of a lamp wasted im¬ 
perceptibly, although its particles continually furnished “ a consider¬ 
able stream of shining matter ” : the smoke from a half-grain of 
gunpowder fiUed a space more than 600,000 times larger than that 
originally occupied by the powder: the parts " that make up the 
Alimental Liquors ’* of the embryos in the eggs of cheese-mites 
must be “ extremely and unimaginably minute ” : and one grain 
of copper dissolved in “Spirit of Sal Armoniack’* perceptibly 
coloured 618,620 times its bulk of water. Cantharides applied 
outwardly affiscted the secretion of urine: the poisons of some 
animals acted through the clothes and without direct contact: 
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and the eflBnvia of loadstones penetrated glass, ^ “ generally reputed 
to be as close a Body as any is.” Weighed amounts of ambergris, 
asafcBtida, nutmegs and cloves suspended in the air for da}^ lost 
either nothing or only a minute fraction of their weight, though 
they continually emitted odours* Dogs were able to track down 
animals and men hours after their quarry had passed, though the 
effluvia of the latter were ekposed to the air and had meanwhile 
impregnated an incomparably greater atmosphere ' plague was 
preserved in clothes and beds for long periods - and gloves had 
retained their scent for 30 years. 

The Determinate Nature of Effluviums 

In the second tract. Of the Determinate Nature of Effluviums, 
Boyle complained that Aristotle and the Schoolmen had classified 
effluviums into ” hot and dry ” and “ hot and moist,” into fiimes 
and vapours, a system that was as useful as the division of animals 
“ into those that are Homed, and those that have Two Feet," 
whereas it could be shown that effluviums retained the properties 
of the bodies from which they were emitted. The water-vapour 
in the air condensed into drops on cold surfaces or fell as dew and 
rain. Gilders had died from the fumes of mercury, the condensed 
liquid, alleged Boyle, “ having been several times found in the 
Heads and other parts of such People.” Flowers of sulphur, 
obtained by sublimation, could be melted into sulphur identical 
with that originally subjected to sublimation: and camphor 
sublimed unchanged. Chemical distillations provided further evi¬ 
dence. The fumes of spirit of nitre or spirit of salt had the properties 
of the fluids that evolved them. The essential oils of vegetables, 
such as oil of cinnamon and oil of wormwood, although mere effluvia 
and highly rarefied, had the genuine taste of the bodies from which 
they were distilled. A bloodhound would track down a particular 
man over many miles and through crowds of other men. Magnetic 
effluvia did not lose their properties by passing through glass. 
Apothecaries had been cast into deep sleeps when distilling opiates : 
and drugs left openly in rooms had brought on stupefaction until 
they were removed, while the odours of certain medicines produced 

> Boyle proved thm by studying the effects of a loadstone on needles 
hennetioally sealed in gl^ tubes floating on water, and by magnetising 
a thin cylinder of iron sealed m a glass tube and set perpendioularly to allow 
of penetration by “ the Magnetical Effluvia of the Earth.” 

* Boyle was not sure whether loadstones lost weight: he distrusted bis 
balances and he thought that the effluvial losses might bo continually repaired, 
partly by particles given out at one pole returning to the other and partly 
by pwtioles from the earth. 
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the same effects on some persons as if these medicines had been 
taken orally.^ Writing in invisible ink was made plainly legible 
by the elSSuvia from a suitable liquid both at a distance and when 
the writing was enclosed in several sheets of pai>er. 

“ Other Examples,” said Boyle, “ may be given of the setled 
difference of Effluviums directly perceivable by Humane Organs 
of Sense, as dull as they are ; which last expression I add, because 
1 scarce doubt, but that, if our Sensones were sufficiently subtile 
and tender, they might immediately perceive in the size, shape, 
motion, and perhaps colour too of some now invisible ElHuviums, 
as distinguishable differences, as our naked Eyes in their present 
constitution see, between the differmg sorts of Birds, by their 
appearances, and their manner of flying in the Air, as Hawks, and 
Partridges, and Sparrows, and Swallows.” 

Thk Great Efficacy op Effluviums 

The third tract, Of the Orent Effieary of Effluviu^m, asserts that 
too much trust has been placed in the negative information of the 
senses with consequent great error in philosophy and medicine. 
Muiute corpuscles, although invisible, can, if they are numerous, 
fitly shaped and in rapid motion, act on bodies in ways in which 
larger and visible masses cannot act. Aqueous vapours, regarded 
as the faintest and least active of all effluviums, would in rainy 
weather dissolve salts, cause bodies to putrefy and oak doors to 
swell, and formed drops of rain wdiich in sufficient number led to 
great floods and inundations. A rojie was so shortened in damp 
weather that it sensibly raised a lead weight of 1(10 pounds The 
effluvia of aqua fortis nnluced corks ” into a yellow pap.” Vessels 
containing certain substances had to be o[)ened warily to avoid 
the effects of the issuing ” steams.” ” Spirit of Sal Armoniack,''' 
without heating, gave effluvia that would open the nasal passages 
when clogged with ” a great cold.” The aqueous exhalations that 
fell as dew in the torrid zone would rust knives in their sheatlis and 
swords in their scabbards. Tlie power of corpuscles in rapid motion 
was obvious from the effects of gunpowder, flames, winds and whirl¬ 
winds. ” Vigorous Loadstones ” could demagnetise a needle or 
reverse its ” vertioity,” and carry suspended eighty times their 
own weight. Odours often produced headaches, faintness, swoons 
and worse evils : and the “ steams ” of ” Spirit of Sal Armonlack ” 
would sometimes restore those so struck down. Notable medicinal 
effects were produced by the outward application to the body of 
gems, stones and other remedies. 

^ Effects usually ascribed m Boylo*a time to occult quahtic^, t.e., properties. 

S 
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And, adds Boyle, it must be remembered that effluvia are not 
emitted from a body all at once “ as Hail-shot out of a Gun,” but 
as “ Waters out of a Spring-head in continued Streams, wherein 
fresh parts still succeed one another.” 

The PONDBRABtUTY OF FiRB AND FlAMB 

Although the fourth tract, New Experiments to make the Parts 
of Fire and Flame Stable and Ponderable, is almost entirely experi¬ 
mental, its connection with the preceding tracts is clear. Boyle 
had already indicated in several places that ho regarded flame as 
rarefied fuel ” Fewel when ’tis turn’d into Flame ” he compared 
with “ the rarefaction of Water when ’tis turn’d into Vapors ” 
(Strange Subtilty, etc., p 20) : inflammable bodies suffered a “ pro¬ 
digious Expansion ” on conversion into flame (ifitd.): and flame 
was a solution of the parts of fuel in an “ Igneous Menstruum,” 
which was comparable in its action on fuels with aqua fortis and 
agiM regxa in their action on metals (ibid., p. 64). To Boyle there¬ 
fore flame was a solution in an igneous menstruum of the rarefied 
corpuscles or effluvia of a combustible. He recognised the novelty 
and improbability of such a theory, and accordingly sought to 
prove it “by a good number of Tryals.” These experiments, 
summarised below, are historically the first extensive study of the 
increase of weight observed in the calcination of metals. 

Experiment I .—A piece of copper, weighing 2 drachms 25 grains,^ 
was fixed in a crucible, which was inverted and placed in the upper 
part of a tall crucible so as to be at a distance from the kindled 
sulphur which the latter contained. A hole in the base of the small 
crucible provided a vent for the flame. The sulphur burned away 
in 2 hours without any appearance of flowers of sulphur in the upper 
crucible. The copper had thickened, “ which appear’d to be done 
by a real accession of substance.” Boyle wiped the copper clean 
and, although this admittedly removed some particles of the metal, 
it was found that there was an increase of weight amounting nearly 
to 32 grains. 

Exp. II .—A repetition of 1. Silver, weighing 1 drachm less 
2 grains, increased in weight to 1 drachm 6| grains. To save need¬ 
less repetition, Boyle here pointed out that, whUe some might 
imagine that it was an extravagant hypothesis to suppose that such 
a light and rarefied body as flame could produce an increase in the 
weight of such heavy bodies as minerals and metals, fiame, if it was 
a menstruum, would Uke other menstruums “ have some of its own 
Particles united with those of the Bodies expos’d to its action.” 

^ 20 graiiis — 1 scruple; 3 scruples ^ 1 drachm ; 8 drachms » 1 oimoe. 
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And these particles being of a piercing and terrestrial nature, “ ’tis 
no wonder, that being wedg’d into the Pores, or being brought to 
adhere very fast to the little Parts of the Bodies expos’d to their 
action, the accession of so many little Bodies, that want not gravity, 
should, because of their multitude, be considerable upon a Ballanoe, 
whereon one or two, or but few of these Corpuscles would have 
no visible Effect.” 

Exp. III .—1 ounce of copper, heated in a shallow crucible in 
a cupelling furnace for 2 hours, increased its weight to 1 ounce 
30 grains 

Exp. IV .—1 ounce of copper filings was similarly heated “ under 
a Muffler ” for about 3 hours. It gained in weight about 49 grains. 
Boyle ascribed the larger increase (in comparison with that of 
Exp. Ill) to the longer time of exposure 

Exp. V .—1 ounce of calcined hartshorn in small lumps was 
heated in a cnicible in a cupelling furnace for 2 hours. It lost 6 or 
7 grains, probably tlirough loss of moisture, observed Boyle, since 
it gained slightly in weight on exposiure to the air. 1 ounce of 
well-heated brick, in a similar test, maintained constant weight, but 
gained a little on subsequent exposure to the air. 

Exp. VI. —1 ounce of tin heated on a cupel under a muffle for 
2 hours was thoroughly calcined and gained 1 drachm in weight 

Exp. VII .—1 ounce of load, heated as in Exp. VI, was converted 
into litharge and, although there was a loss of some of the cupel 
through a breakage, an increase of weight of 7 grains was observed. 

Exp. VIII .—A blank test with a cupel. The cupel weighed 
2 ounces 2 grains when hot, but presently this had increased by 21 
grains and later on it had taken up a further 3 grains. Boyle 
ascribed these additions to atmospheric moisture, to which initial 
losses and subsequent increases in the weight of cupels were 
evidently due. 

Exp. IX. —4 drachms of steel filings, heated as in Exp. VI, 
gained 1 dramhm 6^ grains. 

Exp. X. —A piece of silver, weighing 3 drachms 32^ grains, 
heated for 1J hours as in Exp. VI, increased in weight to 3 drachms 
34} grains. But Boyle suspected that it contained some copper 
and repeated the experiment with } ounce of ” well refin’d ” silver 
filings, heated for 3 hours. This now weighed 4 drachms 6 grains. 

Exp. XI. —1 drachm of zinc or spelter filings, heated as in Exp. 
VI for about 3 hours, appeared to be calcined and increased in 
weight by 6 grains. 

Exp. XII. —2 drachms of filings of tutenag (a zinc alloy from the 
East Indies), heated as in Exp, VI for about 2 hours, gained 28} 
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grains. On repetition with an equal weight, the same increase 
“ abating less than one grain ” was detected. 

Hxp. XIII. —Weighed amounts of lead and filings of copper 
were heated together in a cupel for about 2 hours, and the cupel 
appeared to have nothing on its surface “ worth weighing distinctly.” 
But the increased weight of the cupel almost accoimted for the 
weight of the metals that had disappeared, whicsh contradicted the 
common opinion that in CupeUation lead and the baser metals 
removed from silver or gold “ fly away in Smoak.” Evidently 
they “ enter’d into the Substance of the Cupel,” 

A change in procedure was now introduced. Boyle, “ having 
shewn that either Flame or the Analogous Effluxions of the Fire 
will be, what Chymists would call, Corporified with Metals and 
Minerals exposed naked to its action,” decided to try similar experi¬ 
ments “ in close Vessels ” ; and, as it was difficult to expose bodies 
to fire in glass vessels without breaking or melting such containers, 
he first used crucibles “ carefully luted together, that nothing might 
visibly get in or out.” He therefore proceeded thus: 

Exp. XIV. —1 ounce of freshly prepared steel filings, included 
between luted crucibles and heated strongly for 2 hours, gained 

5 grains. In a repetition, 1 ounce gained 6 grains after being heated 
for IJ hours. 

Exp. XV —2 ounces of copper, 2 ounces of tin and 2 ounces 
of load wore separately and simultaneously heated m a similar 
way for about IJ hours. The copper gained 8 grains and the tin 

6 grains. The crucible containing the lead broke. 

Exp. XVI. —Suspecting that thinner copper plates than those 
previously used might show a greater increase, especially if they 
were heated for a longer time, Boyle repeated Exp. XV, heating 
1 ounce of thin pieces of copper for about 3 hours. The metal and 
the scales formed on its surface weighed 21 grains more than it 
did originally. 

Exp. X VII. —A piece of block tin, weighing J pound, was heated 
in a glass retort in a sand-furnace which kept the metal in fusion 
without breaking the glass. The weight increased by about 2 
grains. The retort was evidently sealed (pp. 27-9 and 37), but the 
nature of the seal is not stated. 

Exp. XVIII. —Various weights of mercury were similarly heated 
in glass vessels, some hermetically sealed and others closed with 
corks. The sealed vessels broke and the process was so slow in 
the others that Boyle “ was by a remove oblig’d to leave the tryal 
imperfect.” 

Boyle then tested whether a second heating would produce a 
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further increase in the weight of bodies which had already been 
increased in weight by a previous heating. 

Exp. XIX. —1 ounce of calx of tin heated for 2 hours as in Exp. 
VI gained 1 drachm 36 grains and appeared much whiter than it 
was before. 

Exp XX. —1 ounce of steel filings, already increased in weight 
by a previous exposure to the fire, was subjected to a second 
exposure at the same time as the calx of tin in Exp. XIX. The 
weight increased by 2 drachms 22 grains. 

Exp. XXL —1 ounce 4 drachms of the copper from Exp. XV 
was included between two crucibles and heated in a strong fire for 
2 hours It gained 10 grains and was covered with easily detach¬ 
able dark flakes 

These wore the chief experiments that Boyle was able to carry 
out successfully, and ho had used up all his “ Cupels and com¬ 
modious Classes ” He did not know whether by other means he 
might have been able “ to make any discovery of the Nature of the 
Substance that made the Increment of Weight,” but he was satisfied 
that he had shown that such exiieriments, especially if they involved 
cupellation, must be carried out “ more warily,” that his results 
would justify what he had to say elsewhere about “ the Substance, 
what-ever it be, that we are speaking of,” and that the discovery of 
this substance would excite the curiosity of philosophers since it 
was “ a Fluid, far more subtile than visible Liquors, and able to 
pierce into the Compact and Solid Bodies of Metals . . . add some¬ 
thing to them, that has no despicable Weight upon the Ballance, 
and is able for a considerable time to continue fixt in the Fire.” 

The tract concludes with a section entitled Additional Experi¬ 
ments, about Arresting and Weighing of Igneous Corpuscles, from 
which it is clear that in reverting to experiments in closed vessels 
(cf. Expa. XVII and XVIII) ^yle had satisfied himself as to 
the nature of the substance mentioned above. The new series ran 
as follows: 

Exp. I. —8 ounces (troy) of block tin, cut into pieces, was put 
in a glass vessel with a long neck. The tin was melted by holding 
the vessel over ” quick Coals ” without touching the latter, and 
the vessel was shaken all the time. The orifice “ was cover’d with 
a Cap of Paper (which sometimes fell off by moving the Glass) to 
keep the Air and Steams of the Coals from getting into the neck.” 
This was continued for almost an hour. The tin was then removed 
from the vessel. It had gained 18 grains. 

Exp. II. —The residue from Exp. I, metal and calx, was trans¬ 
ferred with a loss of 3 grains to another similar vessel with “ a 
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stopple of Paper put to it to keep out Smoak and Air.” The tin 
was melted as before and the vessel was then carefully laid on the 
coals and kept there for 2 hours. The tin now weighed 8 ounces 
24 grains, and had thus gained only 9 grains in 2 hours, which Boyle 
ascribed to the fact that in this case the vessel was not shaken as 
in Exp. I. 

Exp. III. —Boyle then tried heating a weighed amount of tin 
in a sealed retort to preveht all access of smoke or other particles. 
Shortly after this was placed on the fire, “ it suddenly broke in a 
groat multitude of pieces, and with a noise like the Report of a 
Gun; but (thanks be to God) it did no harm neither to me nor 
others that were very near it.” 

Exp. IV. —8 ounces of tin in small pieces were put in a glass 
vessel with a neck 20 inches long. This was hermetically sealed 
after it had been kept some time over the lire to avoid subsequent 
fracture through expansion of the included air. It was heated for 
IJ hours, and then opened. The tin had increased in weight more 
than 23 grains and the calx alone “ amounted not to four Scruples 
or eighty Grains.” 

Exp. V. —A repetition of Exp. IV with 2 ounces of tin filings 
heated for 2 hours. Fumes were seen to escape from the orifice 
before it was sealed. On removal the tin weighed 2 ounces 12 
grains, and the increment “ appear’d to have been gain’d by the 
Operation of the Fire on the Metal.” 

Exp. VI —1 ounce of zinc filmgs was heated as in Exp. V for 
4 hours. “ Smoak ” escaped at the orifice before it was sealed. 
There was a loss of over 6 grains, which Boyle ascribed to the 
exhalations that had escaped. 

Exp. VII. —A repetition of the preceding with 4 ounces of lead 
in small pieces. Kept on the fire 2 hours before sealing and 2 hours 
after, the lead gained over 13 grains. 

Exp. VIII. —A repetition with 2 drachms of coral, hermetically 
sealed in a glass bulb. In an imstated time the coral gained about 
3^ grains. 

Exp. IX. —2 drachms of fresh quicklime, heated strongly in a 
cupel for 2 hours, gained 29 grains.^ Thus, argued Boyle, a body 
that had been exposed to very violent fire for days could still take 
up and retain fresh corpuscles; and it was possible that in the 
preceding experiments the increase of weight was greater than the 
balance indicated, since some of the less fixed particles of the bodies 
exposed to the fiire might have been driven off. 

This last experiment and those carried out in sealed retorts 
^ From the carbon dioxide produced in the furnace. 
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showed “ that what is afforded by Fire may in a Corporeal way 
invade, adhere and add Weight to even fixt and ponderous Bodies.” 

The Pbrviousness of Glass 

The last tract, A Discovery of the Pennousneas of Glass to Ponder¬ 
able Parts of Flame, is described as an appendix to the experiments 
“ about Arresting and Weighing of Igneous Corpuscles.” Here 
Boyle describes further experiments carried out with the flames of 
bimiing sulphur and spirit of wine to avoid the criticism “ by 
suspitious Wits ” that the vessels used in his previous experiments 
were exposed, not to the action of “ mere Flame,” but “ held upon 
Charcoals,” which were regarded by some as containing “ but a 
Grosser kind of Fire.” 

Exp. I .—2 ounces of tin filings wore heated in a glass retort over 
the flame of burning sulphur, the orifice being sealed when it was 
thought “ convenient.” The tin melted in 2 horn’s and was heated 
a further 1^ hours. It gained 4^ grains. But Boyle, like other 
chemists since his time, lost the pajier on which his results had been 
written down. Repeating the experiment therefore, he found that 
2 ounces of tin filings gained over 11^ grains. 

Here, to meet the objection that the increases in weight observed 
in his experiments might be due to particles of the glass loosened 
by the violence of the heat and driven into the metals, Boyle carried 
out a blank experiment with two glass vessels. These were weighed, 
heated for “ a considerable time ” and re-weighed. One of them 
appeared to have gained over ^ grain, and the result showed that 
increments of weight of the order found in his experiments could 
not have proceeded from the glass. 

Exp. II .—A repetition of Exp. I with spirit of wine, a homo¬ 
geneous liquid affording a flame without soot or residual phlegm, 
whereas sulphur was known to contain oily or inflammable parts 
and acid parts. 1 ounce of filings of block tin was heated in a 
retort as before for nearly 2 hours and gained 6 grains, “ so that of 
so fine and pure a flame as of this totally ardent Spirit, enough to 
amoimt to five grains was arrested, and in good measure fixt by its 
operation on the Tin it had wrought upon.” 

Exp. III .—A repetition of Exp. II with highly rectified spirit 
of wine and 1 ounce of lead, heated for over 2 hours. When the 
seal was broken, “ the external Air rush’d in with a noise,” wliich 
Boyle regarded as proof that the seal was tight. The gain in weight 
amounted nearly to 6 grains. Boyle here noted that, although 
” the abadvde Gravity ” of the metal was thus increased by the 
addition of the particles of flame, “ yet this Aggregate of Lead and 
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extinguish’d Flame had lost much of its specifick Gravity,” so that 
the particles were not really transmuted into metal, but had made 
“ a (^ahtion with those of the Lead.” 

These were not, added Boyle, the only experiments he had made 
on this question, b\it they were sufficient to make good the title of 
his tract. “ For,” he wrote, “ whence can this increase of absolute 
weight (for I speak not of specifick Gravity), observ’d by us in the 
Metals expos’d to the mere flame, bo deduc’d, but from some ponder¬ 
able parts of that Flame ^ And how could those parts mvade 
those of the Metal inclos’d in a Glass, otherwise than by passing 
through the pores of that Glass ? ” Boyle was careful to limit the 
penetrability of glass to some of the jionderable parts of flame 
Comparison of the increments in weight of bodies exposed to the 
naked fire and of those enclosed in vessels suggested that the differ¬ 
ence in these increments might be due to the differences in size and 
motion of the corpuscles of which fire and flame consisted, the glass 
being porous only to “ the mmutest and most active,” and this 
possibly only when its texture was opened by the violence of the 
flame. He did not agree with the opinion that glass was penetrable 
by “ Chymical Liquors ” or by quicksilver; and his own classic 
experiments had shown him that it was not penetrable by air. 

Boyle then concluded with four corollaries that might “ more 
warily be deduc’d ” from his experiments to prevent any “ unsafe 
Consequences ” being drawn fi^m them. Firstly, it appeared that 
flame as a menstruum could act on bodies, not only by comminution 
and dissipation of their parts, but also “ by a Coalition of its own 
particles with those of the fretted Body, and thereby permanently 
adding Substance and Weight to them.” And it was to be noted 
that a menstruum was not to be regarded as such only when it 
dissolved bodies, since some menstruums corroded bodies without 
dissolving them to any considerable extent, e.g. the action of aqua 
fortis on tin and of oil of vitriol on mercury. 

The second corollary pointed out that the discovery of the 
perviousness of glass to flame called into question the truth of the 
opinion generally held by chemists and others about calcination, 
namely, that in this process the greater part of the body was driven 
away and only its earth and fixed salt left behind. ” These notions,” 
said Boyle, ” are not well fram’d, and do not universally hold,” 
since they were inapplicable to the metals used in his experiments. 
“ For,” he added, “ it dees not appear by our Tryals, that any pro¬ 
portion, worth regarding, of moist and fugitive parts was expell’d 
in the Calcination; but it does appear very plainly, that by this 
Operation the Metals gain’d more weight than they lost.” More- 
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over, he had frequently obtained lead by merely heating its calx, 
and therefore calcination had certainly not deprived it “of the 
suppos’d radical moistmre requisite to a Metal.” 

Thirdly, since the experiments showed that igneous particles 
penetrated glass and permanently adhered to the included bodies 
in sufficient numbers to be manifestly ponderable, they refuted 
the notions of the Epicurean atomists, who thought that, although 
the particles penetrated glass, they merely pervaded the included 
bodies in their passage upwards, and also the ideas of the Cartesians, 
who denied the penetrability of glass and argued that the textures 
of the included bodies were altered by the violent agitation originat¬ 
ing in the fire and propagated to tliem by the small parts of the 
glass. 

Finally, the exiieriments showed that very spirituous, fugitive 
and minute bodies, associated with congruous particles of another 
nature, might so change their nature “ as to be arrested by a solid 
and ponderous Body ” so strongly as not to be driven from it by 
a heat intense enough to melt and calcine metals This unsus|X)cted 
result led Boyle to utter a veiled regret about the abandonment of 
the proposed experiments with burning-glasses, because it suggested 
“ a main Inference to be drawn from the Operations of the Sun¬ 
beams on appropriated subjects, supposing it to prove like that of 
flame on Tin and Lead,” the inference at which he here hints being 
clearly the corpuscular nature of light. 

In conclusion, it may bo pointed out that some writers have 
thought that Boyle was misled by the results of the experiments 
on the calcination of motels in sealed vessels, because the vessels 
were sealed only after some of the air had been driven out in the 
earlier stages of the heating, and he was thus led to ignore the real 
significance of the inrush of air when the seals were broken. But 
consideration of his general approach to this problem, as revealed 
in the Essays of Effluviums, suggests that he had already mentally 
connected the increase of weight of metals on calcination with the 
absorption of effluvia. Moreover, he nowhere appears to have 
suspected the part playe<l by air in this process, although his classic 
experiments with the air-pump had made him already thoroughly 
familiar with the necessity of air for combustion. These studies 
were evidently directed by a belief in the corpuscular nature of 
flame, and in more fortunate circumstances the results here presented 
would doubtless have been accompanied by others tending to prove 
that light too was corpuscular. 



GRAPHIC STATICS—A NEW APPROACH 

By T. W. hall, A.H.C.S0I., B.80. 

Scimce Lur^n Technical School 

Stbuctural Engineering design can scarcely be said to be a virgin 
field for original ideas, and the definition of an engineer—“ one who 
can do for one guinea what any fool can do for two ”—comes more 
nearly true in this branch than for any other one of the profession. 
The designer’s work, then, consists very largely, not in devising new 
forms, but in determining the sizes of members of standard forms 
wliich he may employ. To do this, the engineer has two tools ready 
for his use, calculation and graphics. 

The controversy on the merits of the two has often waxed furious. 
A story is told of the late Professor P. G. Tait who hold that calcula¬ 
tion is always superior to graphical methods. At that time the 
greatest achievement of the Structural Engineer had been the design 
of the Forth Bridge, each member of which had been designed by the 
aid of graphics. Professor Tait undertook to calculate the force in 
each member of the bridge, but—he never finished the job. It may 
be concluded that graphical methods are an essential part of the 
equipment of every structural engineer. 

The educationist has always looked askance on graphical methods 
as the student could learn to use them without realising the principles 
involved and the method readily degenerated into rule of thumb. A 
method is now available, however, which does away with this objec¬ 
tion as it is parallel with the methods used in calculation and offers 
a complete substitute for the methods at present in use. 

The method is the graphical equivalent of the well-known 
principle of moments, the first-discovered and still one of the most 
important generalisations of mechanics. The fundamental con¬ 
struction gives a graphical method of calculating the moment of a 
force about any point. If o is the point and P is the force (Fig. 1 ), 
set down a line ab to represent F in magnitude and direction. Join a 
and 6 to 0 and produce the line of action of the force to cut oa in a' 
and 06 in b'. Then the intercept a'b' represents to a certain scale the 
moment of F about the point 0 . Those familiar with the subject will 

266 



GBAPHIC STATICS—A NEW APPEOACH 267 

at once see that the product of a'b' and h (t.c. the perpendicular 
from 0 on o6) gives the moment required. 

For several parallel forces the construction is as shown in Fig. 2. 



The line of loads is set out as before and the appropriate intercepts 
are added to give the sum of the raotnonts. If the sum of the 
moments is set out along the line of loads and a lino drawn parallel 

to oa to cut od in G, then the re- 
£ \ D I C sultant of the forces passes through 

G. This follows from the fact 
gt that a force equal to the sum of 
the forces, if it acts through G, 
b' will give a moment about o equal 
to the sum of the moments. 

^ ^ The constniction is particularly 

^ useful for finding the reactions at 
e' the supports of a beam. The line 
of loads is set down from one 
support, in Fig. 3 the right-hand 
one. The moment about the other 
support is found for each force and 
their sum is equal to the moment 
of the right-hand reaction about 
the same point. Hence the sum 
of the intercepts represents the 
right-hand reaction. Also, if it is set down from a on the load line 
giving the point /, then e/ represents the left-hand reaction. (For 
clearness the several reactions are set out to the right of the load 
line in Figs. 2 and 3.) 
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To find the reactions at the supports of any stmotore we can 
imagine it replaced by a beam with the same supports, P and Q. 
Produce the forces to PQ and consider the forces resolved along PQ 



and jjerpendicular to it. The horizontal components have no 
moment about a support so when the force figure is drawn as in 
Fig. 4, the vertical components are projected on to the vertical 



through a support. Using these components as vertical loads we 
can. find the vertical components of the reactions. The actual 
reactions will depend upon the fixing and g will be in one of the 
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positions gi, gr, or gt, according as the right-hand or the left-hand 
reaction is vertical or the two are parallel. Finding the position of 
the resultant of the vertical components of the forces as before and 
denoting by K the point where it cuts the line PQ, we see that the 
resultant of the forces passes through K and is parallel to a/. Thus 


^ 5 



Fio. 0. 


we can find the position of the resultant of any number of forces by 
imagining them to act on a beam. 

The bending moment diagram for a beam is easily constructed 
from the moments about a support. If, in Fig. 6, 1', 2' and 3' repre¬ 
sent the moments of the forces 1, 2 and 3 about the left-hand support 
P, from P set up 3', 2' and 1' in the order given and join as shown. 



270 


SCIBNOE FBOOBBSS 


The %ure PBSTQ represents the bending moment diagram for the 
beam. In the figure the distances set up are doubled to make the 
curve less “flat.” 

The very general “ method of sections ” depends upon the taking 
of moments about a point, so the construction applies. In Pig. 6, 
it is often necessary to find the force in the member TM by taking a 
section along XY. Drop a perpendicular from the vertex on TM and 
with the vertex as centre and this perpendicular as radius describe a 
circle cuttmg a horizontal through the apex at Z. Draw a vertical 
tangent to tlxis circle at Z and along it set out the forces acting to the 
left of the section, including the left-hand reaction (supposed 
vertical) The force in the member TM is the same as the left-hand 
reaction on an imaginary beam supported at the vertex and at the 
point Z in Pig. 6 and loaded with the loads to the left of XY. 

It has been proposed to call the method the “ projection 
method ” and it is expected that it will replace the use of the 
funicular polygon. A fuller account appears in the Matliemalical 
Gazette for October 1933. 



RECENT ADVANCES IN SCIENCE 


ASTRONOMY. By R. W. Wrioley, M.A., Royal Obftorvatory, Edin¬ 
burgh. 

Meteors. —Interest in meteors has been greatly stimulated by the 
spectacular shower of October 9, 1933, undoubtedly the finest 
observed since November 1885, when the famous Comet Biela, 
which had split into two separate portions in 1846, gave the second 
of its two remarkable meteoric displays. The shower of 1933, with 
radiant point near the star ^ Draconis, was not unexpected, but its 
magnificence came as a complete surprise. In Monthly Notices, 
80 , No. 8, Dr. M. Davidson made an examination of the 
comets which approach sufficiently near to the orbit of the earth 
for their associated meteors, if present, to enter our atmosphere in 
appreciable numbers, and he showed that, among others, Comet 
1900 Giacobini-Zinner satisfied this condition and might be expected 
to give rise to a shower at its descending node, reached by the earth 
about October 10. The probable radiant point was given as 
R.A. 251-5^ Dec. + 55 

The period of this comet is 6*58 years, and as it was due at 
perihelion on December 11, 1926, sj^ecial watch was maintained at 
various stations on the 9th of October preceding. It was soon 
realised that an exceptional meteor stream was in evidence. The 
observations were summarised by W. F. Demiing in Monthly Notices, 
R.A,S,, 87 , No. 1, and little doubt remained concerning the connec¬ 
tion of the comet with the meteoric display. Though all the meteors 
were slow-moving, they were remarkable for their long persistent 
trails, and a certain number were brilliant, but the total hourly 
count fell short of 20. On October 9, 1927, the meteors were again 
in evidence but very few in number, while in succeeding years up 
to 1932 none were visible. This negative result was not unexpected 
while the comet itself was in a remote part of its orbit, its return 
in 1933 being awaited with considerable interest. Its perihelion 
passage took place on July 15, when its distance from the earth was 
114,000,000 miles, and a good display of meteors on the following 
9th October was anticipated. The most sanguine expectations 
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were, however, greatly exceeded. Starting about 7 p.m. the shower 
rapidly increased in intensity ; the sky became thick with meteors 
almost 08 with flakes in a snowstorm, the number certainly approach¬ 
ing 600 per minute at the maximum. As in 1926, the meteors moved 
slowly leaving persistent trails, and they were mostly of the third 
or fomrth magnitude, though there were several brilliant exceptions. 
During the whole display absolute silence prevailed. Unfortunately 
in many parts of England'the weather was cloudy, but in certain 
areas, in Scotland, and in Northern Ireland, the storm was seen at 
its finest. Observations w'ere also made at stations ranging from 
Central Asia to Spain, Portugal and the Gold Coast. Detailed 
descriptions are given in Aatronomische Nachrichien, No. 6984; 
L’Astronomte, November 1933 ; and the JoumaZ of the Brttiah Astro- 
nomical Association, 44, No. 3. The results are summarised as 
follows by A. King in the last-mentioned publication: 

1. The meteors were most frequent in the British Isles, more 

particularly in Northern Ireland. 

2. The time of maximum was about 8.0 p m. 

3. The meteors were mostly faint, and the efiective duration of 

the shower was 4 to 4J hours. 

4. The meteor stream is undoubtedly connected with Comet 

Giacobini-Zinner. 

It is not surprising that bright meteors formed such a small 
proportion of the number observed, for their velocity with reference 
to the earth was only 23 km. per sec., this being the lowest velocity 
known for any important shower. 

The luminosity function of the Giaoobinids is investigated by 
Fletcher Watson, jun., in Harvard Bulletin, 895. He makes use 
of the naked eye observations of Felix de Roy in Belgium (Gazette 
Astronomique, 20, 170) and of the telescopic observations of Sandig 
and Richter at Leipzig (Ast. Nach., 250, 170). The former observed 
634 meteors in two intervals, one of 30 minutes when the shower 
was increasing in intensity, and the other of 10 minutes when it was 
at its maximum. The German observers used a 70 m.m. telescope 
with an eyepiece of power 8, the field being round the pole, about 
36° from the radiant point. Certain factors determined by Dr. 
Opik were applied to the actual counts of meteors in order to obtain 
approximate estimates of the numbers visible over the whole sky 
for magnitudes 0 to 8, the values for mags. 6, 7 and 8 being of course 
derived entirely from the telescopic observations. The curve of the 
luminosity function was then obtained by plotting the logarithm of 
the number of meteors of each magnitude against that magnitude. 
Luminosity functions were also obtained in a similAr way for the 
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Perseid and Leonid ehowers, and the three curves were compared. 
The two latter show an imexpected similarity, with a shift between 
them of two magnitudes, which is probably due to the much greater 
geocentric velocity of the Leonids. Both curves have abrupt 
changes in slope at certain magnitudes, caused probably by a coma 
which forms round the larger particles of the shower but is non¬ 
existent when the particles fall below a certain size. A similar 
result, however, would be produced by a real lack of small bodies 
in the meteor swarms. 

The magnitude shift between the (jiacobinid and Perseid curves 
to be expected from the known diflferenco in their geocentric velocities 
is three magnitudes, but the Giaeobimd luminosity function shows 
other and distinct variations. These are probably caused by a real 
difference in the distribution of masses in the showers. For the 
Giacobinids a linear relation appears to exist from mag. 3 to mag. 7 
between the apparent magnitude and the logarithm of the number 
of meteors. 

In Comptes Rendus, 197, No. 16, E. Esclangon calls attention 
to a few extremely brilliant members of the stream, some of which 
exceeded Sirius and even Venus in brightness, and left behind them 
long, luminous and persistent trains. There is evidently a great 
variety as regards size and mass in the components of this swarm. 
For the moan radiant, derived from observations at several stations 
Esclangon gives the value 

R A. 206-1° Dec. + 66 0°. 

In 1926 Dr. A. C. Crommelin calculated the radiant corresponding 
to the elements of th? orbit of the comet, and obtained the value 
R.A. 266° Dec. + 64°, a result in remarkable agreement with 
the meteor observations of 1933. The orbital elements of the stream 
are compared with those of the comet by K. D. Pokrowsky in 
Poulkovo Observatory Circular, No. 10, and show close agreement. 
He also gives estimates of tlie number of meteors visible at different 
times, based on counts organised at the observatory. 

In 1926 the shower preceded the comet’s passage through 
perihelion by two months, while in 1933 the comet reached peri¬ 
helion on July 16 and the shower was seen three months later. 
If, therefore, the meteors are the results of the comet’s disintegration, 
they have evidently spread themselves out both in advance and in 
the rear of the parent body. It is possible that the great number 
which were visible in 1933 were due to a period of more rapid dis¬ 
integration of the comet due to its recent passage through perihelion 
and consequent exposure to the intense influence of the solar rays. 
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This unexpectedly brilliant display was some compensation for 
a further disappointment caused by the Leonids in the following 
month. As it was exactly one hundred years since the memorable 
shower of 1833 which inaugimated the serious study of meteoric 
astronomy, the main swarm of meteors should again have been in 
the neighbourhood of the earth in accordance with the accepted 
period of rather over 33 years. In Great Britain cloudy skies con¬ 
spired to prevent anything being seen, but in America conditions 
were more favourable. Observations carried out at the David 
Dunlop Observatory on the nights of November 14-16, 16-1(5, and 
16-17 are described in the Journal of the Royal Astron. Soc. of 
Canada, March 1934. Out of a total number of 678 meteors ob¬ 
served on the throe nights only 231 belonged to the Leonid shower, 
the mean magnitude being 2-40. This is markedly less than the 
number observed at Harvard in 1932 when bright moonlight tended 
to interfere, and when the non-Leonids were only one-third as 
numerous as in 1933. 

An innovation in meteor observation was introduced at Prague 
by Hubert Slouka of Karlovy University {Nature, 1934, Jan. 20). 
By arrangement with the Czechoslovak Government and with the 
Public Airlines Co. a 3-engined Fokker plane carrying the pilot, 
three observers, one assistant and a radio operator ascended from 
Prague at 1.30 a.m. on November 17 in order to get above the 
blanket of cloud which prevented any observation of the Leonids. 
The plane reached a height of 3,000 metres, but, although the sky 
there was clear, only a few meteors were seen. The observers found 
that their view was limited by the enormous wings of the aeroplane, 
nevertheless, granted certain modification in design to obviate this 
difficulty, the usefulness of this method for meteor observation, as 
well as for that of solar eclipses, was clearly demonstrated. 

A convenient and simple method of computing the orbit of a 
meteor stream is described by Dr. M. Davidson in the Journal of (he 
British Astron. Assoc., 44, Nos. 3 and 4. Formulee are developed 
for obtaining the elements of the orbit, distinguishing between the 
two oases when the latter is assumed to be elliptic or parabolic. 
Fully worked illustrative examples are added, and should prove very 
helpful to anyone unaccustomed to such computations. In the case 
of a meteor shower associated with a comet, it is shown how the 
radiant point and the time of appearance of the meteors may be 
determined fi'om the known elements of the comet’s orbit. The 
author points out that exercise in meteor computation would provide 
the beginner with an excellent introduction to dynamical astronomy 
of a more difficult nature. 
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It u disappointing to leam from the Annual Report of the Harvard 
Obaervatory, 1934, that the financial situation has made it necessary 
to close down the work of the Arizona Meteor Expedition after 
nearly two years of successful operation. This was the first pro¬ 
longed scientific effort to obtain systematic data on the heights and 
speeds of these bodies, and it is some consolation to know that the 
abundant material already accumulated is likely to extend our know¬ 
ledge regarding the cosmical origin of meteors very considerably, 
while their study is still to retain an important place in the 
programme of the Observatory. 

In this connection a general survey has been made of the whole 
Harvard collection of plates in a search for meteor trails photo¬ 
graphed fortuitously. This search and its results are described in 
Harvard Bulletin, 852. The scrutiny has included the photographs 
taken at all the Harvard stations except Jamaica; in all, no less 
than 71,464 plates have been examined and 213 meteor trails found. 
An extensive series of plates taken more recently with a new Ross 
Wide Angle Xpres lens have also been searched by Dr. Willard J. 
Fisher, and the combined results have been tabulated as a Catalogue 
by Dr. Fisher and Miss Olmsted in Harvard Annals, 87, Part 3. 
This Catalogue includes records of 386 meteor trails, and tabulates 
the time and duration of exposure, the sun’s longitude, the co¬ 
ordinates of the initial and final points of the trail, its length and 
position angle, together with descriptive notes. In Harvard Annals, 
87, Part 2 B, Miss Olmsted describes a method of obtaining the 
geocentric path of a meteor from two photographs taken simul¬ 
taneously at different stations, and, as an example, calculates the 
heights of three meteors at different points of their paths from three 
pairs of trails found on photographs taken at stations 1 *8 miles apart. 

In Harvard Circular, 385, Willard J. Fisher deals with the Mass 
and Velocity of Meteorites, and the air density along their luminous 
paths. His theory is founded on the assumption that the rate of 
loss of mass of the meteorite at any moment is proportional to the 
rate of loss of kinetic energy due to diminution in its velocity. 
Only bodies which actually reach the earth in solid form are con¬ 
sidered, and evidence in support of the theory is provided by facts of 
observation, both visual and photographic, and by the study of 
meteorites actually found on the ground, illustrations of which are 
given in the paper. Reasons are given for assuming the following 
attributes of a meteorite : a rectilinear path ; a velocity exceeding 
that of sound; no fracturing; a shape not sensibly altered by 
ablation, so that the figures assumed by the object remain similar 
solids ; a permanent orientation ; an air resistance proportional to 
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its density, to the square of the velocity of the meteorite, to its cross- 
section normal to its path, and to a constant depending on its shape. 
A formal solution relating velocities, masses and air densities is given 
in the form of an equation connecting two integrals, one of which is 
exponential, but the presence of three constants whose values are as 
yet uncertain makes the result of theoreticsal interest rather than of 
practical value. 

New Instruments —The construction of two large telescopes 
has lately been entrusted to the firm of Sir Howard Grubb, 
Parsons & Co., of Nowca 8 tle-on-T 3 me. One, a reflector of 36-inch 
aperture, has already been completed and installed at the Royal 
Observatory, Greenwich, the formal ceremony of “ ojiening ” the 
telescope being performed by the First Lord of the Admiralty on 
Visitation Day, June 2. The telescope, complete with buildmg and 
dome, is the gift of Mr W. Johnston Yapp, and is intended to com¬ 
memorate the work of Sir Prank Dyson during his 26 years as 
Astronomer Royal. It possesses greater light-gathering power than 
any hitherto located at Greenwich, and is exactly equal in size to the 
large reflector of the Royal Observatory, Edmburgh, which it re¬ 
sembles in many ways though there are important difl'erencos. The 
new instrument is described by C. Davidson in the Observatory, 
May 1934. The mounting is of the modified Enghsh form with a 
long polar axis supported by piers at the north and south ends, and 
the telescope is attached to the middle. The large mirror, 36 inches 
in diameter and 16 feet focal length, is 6 inches thick and weighs 
660 lb., and two Cassegrain convex mirrors of fused quartz, 11 and 7 
inches in diameter, are provided for use with a slit and a slitless 
spectrograph respectively. Electric motors have been provided for 
quick and slow motions in both Right Ascension and Declination. 
It is intended to employ the instrument in continuing the work on 
colour temperature of stars which has been carried on very success¬ 
fully for some years with a less convenient and less powerful 
equipment. 

The moderate size of this telescope is in striking contrast with the 
new 74-inch reflector of the David Dunlop Observatory near Toronto, 
described by R. K. Young in the Journal of the Royal Ast. Soc. of 
Canada, 1934, March. This instrument is not yet in commission, 
the large mirror being still at Newcastle, but the building and dome 
have been erected and the mounting is now in place. The mirror is 
made of pyrex glass, is 13 inches thick and weighs 6,000 lb. The 
mountmg is similar to that of the Greenwich instrument, but, of 
course, on a very much larger scale. When completed the telescope 
will be the most powerful in the British Empire. 
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The advantages of aluminium-coated reflectors are emphasised 
by S. L. Boothroyd in the Astrophyaical Journal, 1934, July. He 
lately organised a special expedition from Cornell University, 
equipped with a 15-mch aluminised mirror and quartz spectro¬ 
graph, and obtained at Lowell Observatory and its mountain station 
174 spectra of 97 typical stars in a total observing time of about 
300 hours. For the most part the spectra are said to extend to the 
ultra-violet limit of atmospheric transmission. For permanence and 
average reflectivity aluminium is very superior to silver for coating 
mirrors, and its use is gradually being extended. The largest mirror 
yet aluminised is the 36-inch of the Lick Observatory. 

PHYSICS. By L. F. Bates, Ph.D., B.Sc., F Inst P , University College, 
London. 

New Conceptions in Magnetism, —It Is convenient at this time to 
take stock of some new conceptions concerning magnetisation 
processes m ferromagnetic materials which have been developed 
during the last few years. The historical aspects of the develop¬ 
ment will not be considered hero. It has long been the custom 
to regard a ferromagnetic body as consisting of a very large number 
of elementary regions, particles, Bezirke, or just elements, which 
are magnetised to saturation. It is imagined that, in the virgin, 
initial, or unmagnetised state of the substance, these elements are 
HO arranged that the body possesses no resultant magnetic moment. 
If now the body is exposed to an external magnetic field, what 
happens inside the body ? In answering this question the idio¬ 
syncrasies of the material, e gr. iron or nickel, will for the moment 
be disregarded. 

At least two distinct processes occur. These are respectively 
termed Umklappprozesse and Drehprozesse in the German liter¬ 
ature ; here they will be termed reversal and rotation processes. 
(In the writer’s opinion, considerable confusion is caused by what 
appears to him to be the indiscriminate use of the first term, par¬ 
ticularly by one German writer of repute.) Thus, if attention is 
fixed upon one particular magnetic element, when it is subject 
to the first process its magnetic vector simply turns completely 
through 180°, while if the second process is effective, the magnetic 
vector is orientated or rotated through an angle which may be 180°, 
The two processes may be regarded as independent of each other, 
and the writer personally pictures the first process as a sudden 
reversal of the spins of a number of spinning electrons, and the 
second process as a rotation of the element such as might be 
imagined to occur when the body containing it is deformed. 
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Now, what experimental evidence is there that these two pro¬ 
cesses exist ? In the first place it has long been known that it is 
possible by suitable mechanical and thermal treatment to produce 
a nickel wire which will give a magnetic hysteresis curve which is 
more or less rectangular. The explanation for this special shape 
is that the magnetic elements have all been arranged with their 
magnetic vectors parallel to the axis of the wire, some of course 
being positively directed and others negatively directed parallel 
to the axis to produce an initially unmagnetised specimen. Conse¬ 
quently, Gerlaoh suggests that when an external field is applied only 
reversals may occur, and these can only give the sudden changes 
in the intensity of magnetisation shown by the rectangular curve. 

Further evidence is provided by work on the changes in the 
electrical resistance of a ferromagnetic wire in a magnetic field. 
Taking first the case of a longitudinal field, it has been shown that 
only rotations, and not reversals, produce the observed changes in 
resistance. This was excellently illustrated by an experiment by 
Englert on a strongly stretched wire, composed of 92 per cent iron 
and 8 per cent nickel, when placed in a longitudinal field. The 
effect of heavy stretching was to arrange all the magnetic elements 
with their axes parallel to that of the wire. When the magnetic 
hysteresis curve was rectangular no changes in resistance with 
applied field were recorded. Again, with a wire in which the axes 
of the magnetic elements were parallel to the axis of the wire, a 
transverse magnetic field could only produce rotations through 00°, 
and consequently large changes in resistance. This prediction was 
also verified with the iron-nickel alloy wire mentioned above. 

To avoid confusion, it is necessary at once to add that when a 
pure nickel wire is heavily stretched, the magnetic elements set 
with their axes perpendicular to that of the wire. Indeed, one of 
the most striking of modem experiments on magnetic hysteresis 
may be carried out with a pure nickel wire in a longitudinal field. 
Suppose that the descending branch of the hysteresis cycle is first 
taken with the wire under light tension ; the well-known curve 
is obtained. As the tension is increased the shape of the curve pro¬ 
foundly changes, the maximum magnetisation decreases and the curve 
flattens, until, finally, under very heavy tension, the curve becomes a 
straight line passing through the origin. This result, which was 
predicted on theoretical grounds by Becker, is a most striking ex¬ 
ample of the change of direction of magnetic vectors when a substance 
is strained. Nickel is the only ferromagnetic substance known to 
behave in this particular way, i.c. with the magnetic axes setting 
perpendicular to the axis of the wire. 
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It is obvious from the last experiment that under certain con¬ 
ditions rotations may be reversible in the thermodynamic sense, for 
only rotations can account for longitudinal magnetisation when the 
wire is under heavy tension, and the hysteresis curve is a straight 
line These rotations have been specially investigated by Becker 
and Komezki {Zeit. fUr 88, 634, 1034) in a paper on mag¬ 

neto-elastic torsion experiments. They point out that in sub¬ 
stances which form cubic crystals the magnetic vectors either lie 
parallel to the crystal edges, as in iron, or parallel to the cube 
diagonals, as in nickel. Thus, in the case of iron the six directions 
parallel to the edges of the cube are equally probable, so that in an 
unmagnotised and undistorted crystal the magnetic elements are 
on the average equally distributed in these six directions. This 
distribution is, however, upset if the substance is exposed to elastic 
deformations. Certain directions then become more favourable, 
according to the type of magnetostriction which the substance 
exhibits. 

It is therefore clear that an elastic deformation may have definite 
directional effects upon the magnetisation, oven if the former is 
too small markedly to force the latter out of ahnement with the 
sides or diagonals of the cube. The effects undoubtedly consist in 
the turning of magnetic vectors through 90° from one direction to 
an adjacent one, and these rotations may be reversible displacements 
of the confines of the element or irreversible displacements with 
which the Barkhausen effect is associated. Now, these effects can¬ 
not be directly investigated, for, although a given direction may 
become more favourable, the new elements which set along it will 
do so in such a wa^’’ that there is no resultant magnetic moment. 
On the other hand, these 90° rotations must produce magneto¬ 
striction and magneto-resistance changes. The latter have been 
investigated by McKeehan, Gerlach and others, and it is found 
that it is always possible to obtain the same change of resistance 
either by tension or by a magnetic field as long as the magnitude 
and direction of the field is so chosen that it produces the same 
directional effect on the elements as the extension produces. 

The new experiments of Becker and Komezki deal with changes 
in the purely mechanical properties which are occasioned by 
directional effects produced by strain. For example, they deal with 
the residual deformations which follow the torsion of annealed 
wires of pure iron and of nickel, and they show that they can be 
destroyed by applying a longitudinal magnetic field or by de¬ 
magnetising the wires by the passage of an alternating current. 
Again, a remanent deformation is practically the same as the twist 
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which is set up by a magnetic field of screw form, which may be 
produced by sending a current through the wire so that the field 
it produces at the smface of the wire is equal in intensity to the 
longitudinal field in which the wire is placed. 

On plotting a graph of angle of torsion against applied torque 
with increasing and decreasing values, a curve which encloses an 
area is in general obtained. This curve may bo closed, i.e. the area 
becomes zero, when a suitable magnetic field is applied to the wire. 
The field merely annuls the directional effects produced by the 
torsion. Perhaps the most striking of these experiments is the 
eflect of a longitudinal magnetic field on the damping of the 
torsional oscillations of a wire When a pure iron wire performs 
torsional oscillations in the absence of a field they are heavily 
damped, liecause the curve just discussed encloses an area. When 
a suitable longitudinal field is applied, the damping can be re¬ 
duced by a factor of ten, simply because of the reduction in the 
energy dissipated by the irreversible magnetic processes. We thus 
see that the new conceptions provide adequate explanations for 
some striking, even if only qualitative, experiments. 

Plkochboio Haloes. —A pleochroic halo consists of a minute 
discoloration occurring in minerals like mica, and, as Joly first 
showed in 1907, forms one of the most interesting manifestations 
of radioactivity It is caused by the presence of a tiny particle 
of radioactive matter, originally uranium, in the middle of a dis¬ 
coloured sphere, so that a section through a halo consists of a series 
of concentric dark rings whose radii are determined by ranges of 
the a-particles released from the radioactive centre during the 
course of millions of years. 

It has just been stated that the centre was originally a speck 
of uranium, and this view is generally accepted, but in the course 
of time the uranium has decayed and we now have an equilibrium 
system of radioactive elements present in the centre, and the 
different elements of the radioactive family give rise to their several 
rings. Thus, in addition to providing an extraordinarily delicate 
test for the presence of radioactive bodies, pleochroic haloes may 
be used to obtain information concerning the age of the minerals 
in which they are found, and, it is sometimes even hoped that they 
may provide evidence of the existence of elements now vanished 
from the face of the earth. 

Consequently, it is of interest that a fresh quantitative study 
of these haloes has been undertaken by G. H. Henderson and his 
collaborators S. Bateson and L. G. Turnbull {Proc. Boy. Soc., 145, 
563, 1934), who have used a special halo photometer. The halo 
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section to be examined is mounted on a slide upon the stage of 
a mioroBoope, and by means of a motor head-lamp and condenser 
lens it is arranged that an image of about 1-4 cm. diameter, i.e. 
magnified some 200 times, is projected on to a slit about 1 -8 x 0-06 
mm. Light from a small section of the image is thus allowed to pass 
through the slit into a lens which focuses it on a vacuum cfissium 
photoelectric cell. The resulting photoelectric current is amplified 
and supplied to a self-recording d’Arsonval galvanometer. The 
slide is slowly and regularly moved across the microscope stage, and 
a complete photographic record or photometer curve is obtained 
in ten minutes. 

Henderson has put forward a fairly definite picture of halo 
formation and has confirmed it quantitatively with the new instru¬ 
ment, the ranges of all the a-particles, including those from U I, 
fitting the scheme very satisfactorily. The photometer curves 
were csom pared with integrated ionisation curves obtained from 
the well-known Bragg ionisation curves for simple radioactive 
substances emitting a-particlos. Experiments were made on the 
artificial blackening of micas by exposing them to radium emanation 
and taking photometer measurements at intervals during the course 
of the exposure. In this way curves of the intensity of discoloration 
with duration of exposure were obtained and were used as standards 
for comparison with the halo photometer curves, and, consequently, 
to obtain relative measurements of the intensity of a-ray action 
suffered by various portions of the halo. 

It is thus found that the halo discoloration can be fully accounted 
for by an ionisation process in the mica, or at any rate by a process 
akin to ionisation, of which it is not at present possible to describe 
the exact nature. No rings corresponding to thorium a-rays or 
to o-rays of exceptionally long range were found in the haloes in 
speoiroons of two biotites, one from Mount Apatite, Maine, and the 
other from Murray Bay, but evidence of a-particles of unusually 
short range was found in the latter specimen. In the halo nucleus 
the ring corresponding to the 6'60 cm. a-rays from Ac C was recorded 
for the first time ; it was quite definite and had a radius of 27'1 ft. 

In the case of small flakes of mica from granites, which were 
split with sharp tungsten needles, it was difSoult to get clear central 
sections free of flaws. However, occasional haloes were obtained 
in a light brown biotite firom Egansville, Renfrew Co., Ontario, which 
showed traces of thorium rings. In addition, haloes were found 
with ring radii corresponding to a-rays of range 1'74 and 1-06 cm., 
the lattn measurement agreeing well with a ring previously noted 
by Joly and by limori and Yoshimura. It is hinted that this ring 
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may correspond to a-rays of 1'13 ± 0-04 cm. range found by von 
Heresy to arise from samarium, but further work on these small 
rings is necessary before their origin can be stated. 

The new work on pleochroic haloes provides the possibility of 
a new method for the determination of the age of the earth. The 
method so far most frequently tised for an estimation of the age 
of a mineral is the radioactive one based on a measurement of the 
uranium-lead ratio in the mineral. Obviously, this method is open 
to error from the introduction of lead from other sources. Hender¬ 
son now suggests that as actinium is found in the haloes the- 
ratio Ac C — Ra C' may be found, and, since this is equal to the 
ratio Ac D — Ra Ci, the age of the earth can be calculated from 
the appropriate formula. The Ac C — Ra C' ratio can be found 
from the calculation of the changes in ionisation effect along a radius 
of a halo produced by the addition of given percentages of actinium 
to the centre, and by comparing the results with the photometer 
record of an actual halo containing actinium. This has been done 
for the three biotites whose properties have just been described, 
and the ages of the Renfrew, Murray Bay and Mount Apatite biotites 
were thus found to be 800, 750 and 400 million years respectively, 
these values being in agreement with the geological evidence. 
Since, however, the above calculations are based on assumptions 
concerning the period of Ac U and concermng the branching ratio 
Ac U to U I atoms, followmg the accepted theory of the origin of 
the actinium series from the parent actinouranium, Ac U, an isotope 
of uranium, the new method has not yet provided its final results. 

The CoNSTrruTiON of Watbe.—T he application of the Raman 
spectrum technique to the study of the constitution of water has 
been attempted by several workers, and a particularly wide in¬ 
vestigation is described by I. R. Rao {Proc. Roy. Soc., 146, 489, 
1934) who has measured the Raman bands for ice and water at 
0°, 4°, 38° and 98° C., and their intensity distribution with respect 
to wavelength. 

In the measurements on ice, long rectangular blocks were placed 
in a double-walled wooden box, open at the top, with sawdust 
between the walls. Light from a mercury arc was condensed on 
to the block by a cylindrical tube of pyrex, 6 cm. in diameter, 
oontaming water. The scattered light was collected and focused 
on the slit of a spectrometer in the usual manner, and exposures of 
10 hours were suflBIciont to give a photographic record just good 
enough for microphotometry. 

In the case of liquid water the usual hom-shaped Wood’s tube 
made of quartz was used, and the liquid was directly illuminated 
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by a mercury arc placed above the quartz tube. Suitable cooling 
attachments were provided for the lower temperature measure¬ 
ments, and for the high temperature measurements heating was 
arranged by a nichrome wire wound round the quartz tube. The 
Raman spectrum of water vapour was not studied as the results of 
Daure and Kastler (Comp. Rend., 192, 1721, 1931) were available 
and are incorporated in the discussion. 

The Raman band for ice consists of two components, the one on 
the short-wave side being the sharper and more intense, while water 
at 0° also gives two components which, however, are not so clearly 
resolved as in ice, the long-wave component now being the sharper, 
and both are shifted slightly towards the region of long wave¬ 
length. There is no noticeable difference between the spectra for 
water at 0° C. and water at 4° C., except a slight decrease in 
the intensity of the short-wave component, a decrease which becomes 
very pronounced at 38° C. The appearance of the band for water 
at 98° C. is markedly different, there now being a single pronounced 
maximum whose position is shifted towards the long-wave side. 

The bands may be expressed in terms of infra-red wavelengths 
as follows—ice, 3 01 and 3-13 p. ; water at 0°, 2-86 and 3-01 p ; 
water at 38°, 2-86 and 3-02 p ; water at 98”, 2-89 p ; water vapour, 
2-74 p. The relative intensities were found by a method previously 
described (Proc.. Roy. Acad. Set. Amsterdam, 33, 638, 1930). 

Rao explains the above changes in frequency and intensity on 
the assumption that three types of molecules arising from the associ¬ 
ation of single molecules of water are present. These are H,0, 
(H,0)» and (H,0)a, and are supposed respectively to give rise to 
the Raman lines 3682, 3436 and 3216 cm“*. Changes in their 
relative proportions with rise in temperature and change of state 
are assumed to determine the observed changes in the Raman 
spectra. On this basis Rao calculates the proportions in which the 
three molecular types occur in the different forms of water. His 
conception may be contrasted with the early picture given by 
Sutherland (Phil. Mag., 50, 460, 1900) and recently amplified 
(Phys. Rev. 41, 310, 1932) ; Sutherland assumes that there are 
no single molecules present in water. 

Rao’s analysis leads to the view that the number of single or 
so-called “ vapour ” molecules progressively increases with rise 
in temperature, while the number of double or “ water ” molecules 
remains practically constant except in the change of state at 0° C. 
where there is a sudden increase; this number appears to be a 
maximum at 4° C. The triple or “ ice ” molecules show a sudden 
decrease in the transition from ice to water at 0°, after which they 
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gradually decrease in number with rise in temperature. In Rao’s 
view the explanation of the maximum density of water at 4° C. 
lies in the superposition of two effects, viz,, the thermal expansion 
with temperature and the change in the relative proportions of 
the three types of molecules. The latter change really reduces to 
a change from higher to lower triple molecule content, i.e. to a 
closer packing of the molegules and, therefore, to a higher density. 
The two effects work in opposite directions and presumably 4° 0. 
is the temperature at which they give conditions for densest packing. 

METEOROLOGY. By E. V. Newnham, B.Sc., Meteorological Office, 

London. 

One of the most important advances in meteorology made during 
the last two or three decades has been in our knowledge of the 
physical and chemical states of the upper atmosphere from 10 to 
200 km. above sea level Of that region a small portion, extending 
to about 20 km , has been sounded frequently with the aid of self- 
registering instruments carried by small free unmanned balloons. 
Pressure, temperature, and—except at very low temperatures— 
humidity, have generally been the three quantities measured. The 
pioneer work was done on the Continent, but in this country Mr. 
W. H Dines soon followed with an apparatus of his own design of 
such light weight that a smaller balloon could be used, with the 
important result that the expenses of a sounding were made very 
small, and exploration could be carried on in many parts of the 
world, with only a small outlay. 

The exploration of this lower layer has revealed many curious 
features of the atmosphere. Foremost of these is the existence of a 
region of continuous, or almost continuous, decrease of temperature 
with height, which has been called the troposphere. The old- 
established rule that temperature falls about 3° F, for every thousand 
feet in the vertical applies roughly to this region in many parts of the 
world when averages over a long period are considered. Most of the 
clouds commonly observed, even the high feathery cloud known as 
Cirrus, float within the troposphere, and the precise rate at which 
temperature decreases with height is intimately connected with 
the type of cloud that can form : a rapid rate favours development 
of cumulus clouds which may grow into the shower cloud (cumulo¬ 
nimbus) and even into the thunder-cloud when enough moisture is 
present. A check in the rate of decrease, or its reversal giving 
what is known as an inversion of temperature, is often associated 
with stratified clouds (stratus or strato-cumulus), and when an 
inversion is present on the ground or on the sea, fog is often present. 
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The troposphere is bounded at the top by a horizontal or only slightly 
inclined surface known as the tropo-pause. Above that surface 
temperature changes little with height; there the region known as 
the stratosphere begins, and extends upwards for several kilometres. 
The thickness of the troposphere is greatest in low latitudes ; it is 
generally greater above regions of high barometric pressure than 
over low pressure ; it is on an average greater in summer than in 
winter in all places where the average temperature differs greatly 
in the two seasons. A consequence of the greater thickness of the 
troposphere over the equator than near the poles (about 16 as com¬ 
pared with i)erhap8 about 8 kra. on an average), is that if you go 
far enough up, the high temperature of the earth’s surface near 
the equator is more than oflf-set by the greater fall of temperature 
there , for at the equator the temperature will normally be falling 
continuously between about 8 and 16 km. while near the pole the 
whole of that region will normally lie in the stratosphere so that it 
will be no colder there at 16 than at 8 km. One of the lowest 
temperatures ever recorded in the earth’s atmosphere is 182° A. 
(about 164 degrees of frost on the Fahrenlieit scale), at a height of 
16J km. above Batavia ; in tropical India comparable readings have 
been obtained. Polar regions have produced no such cold. Read¬ 
ings up to 16 km. have now been obtained at a sufficient number of 
places to make it possible to sketch roughly the average distribution 
of temperature up to that height on a diagram representing the 
earth’s atmosphere in a section extending along a meridian from 
pole to pole ; a diagram of that kind is included in Sir Napier 
Shaw’s recently completed Manual of Meteorology. 

Leaving the region up to 20 km. and proceeding to still greater 
heights, we come to a layer extending from about 20 to 30 km. 
above sea level where certain iridescent clouds are occasionally 
observed. These have been specially studied in recent years by 
Stdrmer. Iridesoence, according to present theory, is due to 
diffraction by water drops ; since it is difficult to believe that the 
super-cooling of water can often, if ever, be carried to the extremely 
low temperatures to be found in the stratosphere, the existence of 
these clouds suggests that the temperature is probably higher in 
the region where they occur than it is lower down in the stratosphere. 
That this is almost certainly the case higher up is strongly suggested 
by researches along two entirely separate lines. One of these is 
the study of the audibility of sounds on the earth’s surface, par¬ 
ticularly the audibility of loud explosions such as that at Silvertown 
on January 19, 1917. It is believed that the fall of temperature 
with height in the troposphere causes the sound waves to be bent 
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upwards, that they straighten on entering the stratosphere, and 
that only the presence of much warmer air higher up accounts for 
the fact that they do eventually return to earth, the result being 
the frequently observed phenomenon of a region of audibility for 
many miles around an explosion, then a zone in which the explosion 
is not heard, and still farther away—perhaps a lumdred miles from 
the explosion—another zone of audibility. The observations indi¬ 
cate that the sound waves reach heights of 40 km. or more, and 
this suggests that the 20-30 km. layer may be one in which temper¬ 
ature increases considerably with height The second indication 
of a warm layer somewhere above the 20-km. level comes from an 
interpretation of the observed behaviour of meteors The meteor, 
or shooting star, is in the first instance a solid mass that enters the 
highest regions of the atmosphere from outer space with a speed 
generally to be measmed in kilometres per second ; it soon becomes 
incandescent, and may leave a luminous trail that persists for 
several minutes. The position of such a trail can be observed among 
the constellations, and if this position is carefully noted by observers 
many miles apart the height of the trail can be calculated. Most 
meteors become luminous at a height between 100 and 160 km. 
above sea level and generally disappear before falling below 80 km., 
but many can be followed below 60 km. ; some of the largest even 
reach the ground. According to the theory worked out by Linde- 
mann and Dobson the behaviour of meteors, in particular their 
rate of travel, their luminosity, and their length of path, furnish 
information about the density and temperature of the air through 
which they pass during the period that they can be followed. The 
calculations confirm the presence of a warm layer at great heights. 
In a recent paper {Q. J. Met. Soc., July 1934, 60, No. 266, 278) 
Dobson and Meetham refer to this layer, which can be regarded 
as two layers if we take into account the probability that the lower 
part (about 30-60 km.) owes its high temperature to the absorp¬ 
tion of very short wavelengths in the solar spectrum by ozone (Oj) 
and the part above 60 km. by absorption of even shorter wave¬ 
lengths by oxygen (Oi), the waves in the latter case being shorter 
than 0*26 fi, or 2600 AngstrOm units. In that paper it is stated 
that calculations based on the distribution of ozone in the upper 
atmosphere made by Gowan will need to be repeated in view of the 
more exact information about the ozone obtained in recent years 
by Dobson and others, who have used spectroscopic methods be¬ 
lieved to give reliable figures. There is of course some uncertainty 
as to the average distribution of temperature between, say, 25 and 
200 km., but there is some ground for the belief that 300° A. is 
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reached at 40 km., and that it is as warm or even warmer throughout 
most of the higher levels up to the height of 200 km., where many 
meteor trails first become visible. 

The presence of this warm layer raises the question as to the 
amount of water-vapour that may be present at heights of 20 or 
more km. Not many years ago, when all that was known was 
that the temperature was very low in the stratosphere, and that 
it changes very little vertically in the stratosphere, it seemed safe 
to assume that the amount of water vapour above the tropopause 
is negligible. That assumption can no longer be made. Here is 
one of the most interesting problems awaiting solution, but like 
many others relating to regions so high that atmospheric pressure 
is extremely small, its solution may possibly prove of little help in 
understanding ordinary weather changes, which last appear to be 
conditioned largely by events taking place in the comparatively 
well-explored region up to 20 km. 

BIOCHEMISTRY. By W. O. Kebmaok, M.A., D.Sc., F.R.S.E., Reeoaroh 
Laboratory, Royal College of Physicians, Eduiburgh. 

Transport of Carbon Dioxide. Carbonic Anhydrase.— One of 
the more important functions of the blood is the transport of carbon 
dioxide from the tissues, where it is formed, to the lungs so that it 
may there be eliminated in the expired air. At first sight the 
problem would appear to be much simpler than the analogous one 
of the transfer of oxygen by the blood, for carbon dioxide is not only 
more soluble in water than oxygen but also is capable of forming 
highly soluble and easily decomposed compounds, namely the in¬ 
organic carbonates, which would appear to be an ideally suitable 
form in which the transport of carbon dioxide could take place, and 
indeed it was early assumed that the transport of carbon dioxide 
in the blood takes place in the form of sodium bicarbonate. But 
an alternative hypothesis was also put forward, namely, that the 
carbon dioxide yielded with the blood proteins, and more particularly 
with haemoglobin, a readily formed and easily dissociated compound 
behaving in respect of carbon dioxide in much the same way as 
oxyhtemoglobin in respect of oxygen. The extensive work of Van 
Slyke about ten years ago on bicarbonate-carbonate-carbon dioxide 
equilibrium in blood appeared to show that the carbonate-bicarbon- 
ato system could account for all the carbon dioxide taken up and 
that there was no need to bring in a carbon dioxide-protein com¬ 
pound of the type postulated. But the work carried on up to this 
time had been under equilibrium conditions of the system, and when 
Henriques investigated the dynamics of the reaction, and, more 
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speoifioally, the rate of liberation of carbon dioxide when the pK 
was reduced, he was led to a very different conclusion. The 
dynamics of the purely inorganic system, bicarbonate-carbonic acid- 
carbon dioxide had already been investigated by Faurholt in 1924, 
and Henriques showed conclusively that in the case of blood, libera¬ 
tion of carbon dioxide could take place with a 8})eed far greater than 
that which was observed in simple aqueous solution. Henriques 
recognised that there were two possible explanations of this result; 
either blood contained an enzyme which catalysed the reaction 
H,CO, —CO, -f H,0 (I), or else a large part of the carbon dioxide 
was taken up by the blood to form a loosely bound and rapidly 
dissociable protein compound. He himself was strongly in favour 
of this latter explanation and he named the hypothetical protein 
compound carbiisemoglobin. His experimental results were fully 
confirmed by Van Slyke and Hawkins {J. Biol. Chem., 1930,87, 266), 
but these latter came to the entirely opposite conclusion as to the 
explanation of the observations. They considered that all the 
experimental results were consistent with the view that blood cells 
contained an enzyme which catalysed the liberation of carbon 
dioxide from carbonate, and showed that the addition to an in¬ 
organic system of red blood cells, in an amount equal to one- 
twentieth of that present in blood, was sufficient to increase the rate 
of liberation of carbon dioxide to such an extent as to be practically 
identical with that in blood itself. Henriques {J. Biol. Chem., 1931, 
92, 1), however, did not consider these results conclusive, and 
believed that the importanc'e of carbiisemoglobin in carbon dioxide 
transport liad not been disproved. 

The whole subject has been studied recently by Meldrum and 
Houghton who have now published two important papers («/. 
Physiol., 1933, 80, 113 and 143) which very materially advance our 
knowledge of the subject. In a short preliminary communication 
{J. Physiol., 1932, 75, 3P, 16P), these authors have shown that they 
could isolate from the blood cells an enzyme which had this specific 
effect of increasing the rate of reaction (1) as well as the reverse 
reaction, H,0 -f- CO,-*- H,CO, (II), and proposed as a name for 
this enzyme, carbonic anhydrase. The same enzyme was discovered 
independently by Stadie and O’Brien (J. Bid. Chem., 1933,103, 
621), who separated it from red blood cells sufficiently completely 
to enable them to conclude that the substance in question was 
neither haemoglobin nor globin but a distinct enzyme. They also 
observed its presence in muscle. The first of the two papers now 
published by Meldrum and Houghton gives a full account of the 
purification and properties of this interesting new enzyme. 
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After a rough purification by removal of the haemoglobin by 
recognised methods, further purification was effected by means of 
dialysis and adsorption with suitable reagents. The final solutions 
were colourless and removal of the water at a low temperature 
yielded a glassy solid which contained the enzyme in very concen¬ 
trated form. A solution containing one part of this solid in 7,000,000 
parts of water doubled the speed of reaction (I). This very high 
activity is comparable with those shown by the most carefully 
purified samples of enzymes so far prepared, and therefore, although 
the possibilities of the adsorption method have not been fuUy 
exhausted, it is perhaps doubtful whether any further substantial 
increase in activity will be effected. Detailed chemical examination 
of the enzyme has, however, been deferred until these attempts to 
effect further purification and possible crystallisation have been 
completed, but the evidence at present available suggests that the 
substance is protein m nature and probably a protein of relatively 
low molecular weight It has all the ordinary properties of an 
enzyme. It is rapidly inac^tivated by heat and its action is inhibited 
by recognised enzyme poisons, such as cyanide, carbon monoxide, 
urethane and a variety of other compounds. Aqueous solutions 
slowly lose their activity on standing ; for example, a solution lost 
20 per cent of its activity iii five weeks—but the sohd material is 
more stable. 

One of the most interesting properties of the enzyme is that it 
catalyses equally well both reactions (I) and (II). Theoretically, 
all enzymes ought to catalyse the reverse reaction , lipase, for 
example, should catalyse the synthesis of fats from glycerol and 
fatty acids as well as their hydrolytic fission, but in practice the 
reverse reaction is often very diflScult to demonstrate. In the 
present case, however, the theoretical expectation is realised without 
difficulty, and it has been shown that the hydration of carlKjn 
dioxide is accelerated as well as the dehydration of carbonic acid. 
This satisfactory result is probably dependent on the fact that 
reaction (I) is really a true reversible reaction with a real jKiint of 
equilibrium. Another interesting observation of Meldrum and 
Roughton is that a number of chemical processes which have as 
one link the chemical reaction (I), (II) or HCO', CO, + OH' are 
also catalysed by the enzyme. For example, the solution of calcium 
carbonate by weak acids, or the uptake of carbon dioxide by 
ammonia, are catalysed by the enzyme. 

The work just described appears to place beyond doubt the 
existence in the red blood cells of an enzyme such as that postulated 
by Van Slyke and Hawkins, but it is realised by Meldrum and 
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Houghton that they do not exclude the poeeibility that carbon 
dioxide-protein compounds may also be formed in the blood, in 
accordance with the view tenaciously held by Henriques. They 
discuss the question fully in the second paper and bring forward a 
considerable body of evidence which appears to demonstrate, beyond 
reasonable doubt, that such compounds are formed. The proof 
depends on the observation mentioned above that carbonic anhydrase 
is poisoned by cyanide. They find that, in blood treated with 
cyanide, the loss of carbon dioxide occurs in two phases There is 
a first phase lasting a few seconds in which the evolution is very 
rapid, and this is followed by a second phase of slow evolution 
corresponding tt) the ordinary evolution of carbon dioxide from 
carbonate. A similar bi-phasic reaction had been previously 
observed by Henriques working with a solution of hemoglobin, 
and it was indeed upon this fact that he argued for the existence of 
carbhromoglobin ; but prior to the work of Meldrum and Roughton 
it was not altogether clear to what extent Henriques’s results could 
be explained away on the assumption of the existence of an enzyme. 
Now that the enzyme has been isolated and its properties ascertained, 
it has been possible to obtain clear evidence that the bi-phasic 
reaction appears even when the action of the enzyme has been 
eliminated. It is probable that the heemoglobin solutions used by 
Henriques happened to have been prepared in such a way as to 
contain little or no enzyme. 

Henriques had suggested that the protein-carbon dioxide com¬ 
pounds were probably of the nature of carbamic acids, which are 
formed by the reaction of carbon dioxide with an amino group 
according to the equation PNH, -t- CO, = PNHCOOH. Meldrum 
and Roughton share this view and bring a considerable amount of 
evidence to support it. They show, for instance, that amino acids 
and polypeptides form carbamic acid compounds with properties 
similar to those of the carbon dioxide-protein complexes in blood, 
and also obtained direct chemical evidence for the existence of part 
of the carbon dioxide in a form yielding a soluble barium salt. It 
would seem that, of the blood proteins, it is only the haemoglobin 
which under physiological conditions can combine with carbon 
dioxide to any appreciable extent. Furthermore, reduced haemo¬ 
globin has a considerably greater combining capacity than oxyhaemo- 
globin. At 16° C. and 66 mm. pressure, 9’6 vols per cent. CO, 
combine with reduced haemoglobin while 4*9 vols per cent are 
combined with oxyhaemoglobin. At 37°, the corresponding figures 
would be about 6 vols per cent for reduced haemoglobin and about 
2 vols per cent for oxyhaemoglobin. 
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The latter figures are small compared to the total carbon dioxide 
content of the blood which is of the order of 50 vols per cent, and 
so it would appear that, in the warm-blooded animal, the transport 
of carbon dioxide is only to a small extent dependent on the forma¬ 
tion of compounds of the type of carbheemoglobin. It is possible, 
however, that these compounds are much more important in the 
physiology of cold-blooded animals. 

A few sentences may be added on the distribution of carbonic 
anhydrase in nature. In mammals there seemed at first to be some 
connection between the enzyme and hsemoglobin, for it was found 
associated with the latter both in the red blood cells and in muscle 
tissue. However, it was shown by Brinkman Margeria, Meldrum 
and Roughton (J. Physiol., 1932,75, 3P) that the ratio of the enzyme 
to haemoglobin in the erythrocytes was far from constant. An 
extreme case of this is pointed out by Meldrum and Roughton in 
reference to the blood of foetal goats. The haemoglobin of the 
embryonic animal is almost devoid of enzyme activity until a short 
time before the end of term, when the content of carbonic anhydrase 
begins to increase. A survey of the distribution of carbonic 
anhydrase in a considerable number of lower marine animals haa 
been made by Brinkman (./. Physiol., 1933, 80, 171). He finds 
there is absolutely no correlation between the presence of haemo¬ 
globin or haemoglobin-like compounds and of the enzyme, neither 
is the latter associated with catalase or peroxidase activity. The 
enzyme, as isolated from certain of these marine organisms, has 
similar properties to that obtained from mammalian erythrocytes. 
In view of the lack of any essential connection between the enzyme 
and hspmoglobin, it is perhaps very surprismg that, in the blood of 
the higher animals, the enzyme should be found in the red blood 
cells and not in the plasma. The greater part of the carbonate in 
the blood is located in the plasma, and it seems curious that the 
enzyme is entirely confined to the cells. 

Symplkx Compounds. —Willstatter and Itehdewald (Z Physiol. 
Chem., 1934, 225, 103) have recently published a paper which deals 
primarily with the constitution of glycogen in liver and other animal 
tissues, but in which some remarks are made which may prove to be 
very important. The glycogen of liver is shown to consist of two 
fractions, the first soluble and readily extracted by water and the 
second much less easily extractable and tenaciously held by protein. 
The first type is called lyo-glycogen and the second desmo-glycogen. 
The richer the liver is in glycogen the larger is the proportion of the 
former to the latter. In both types the glycogen appears to exist 
in association with protein, and this fact leads Willstatter and 
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Bohdewald to point out that such associations of two or more 
high-molecular compounds in nature appear to be a very common 
occurrence. Willstatter has for some years considered that enzymes 
consist of an active group, in which the characteristic activity of the 
enzyme is localised, associated with a carrier, conceived of as a 
colloidal particle, on which the active centre is borne and which is 
essential for its stability and effective action. Similar combinations 
of two or more substances are frequently encountered in the living 
organism, and, in the opinion of the authors, are sufficiently well 
marked out from other compounds as to form a distinct group of 
substances. Willstatter projioses to call them “ symplex ” com¬ 
pounds This name is to denote, “ not only those compounds 
formed by the combination of a prosthetic group with a high- 
molecular (hochmolekulare) component, but also those formed from 
two or more high-molecular components.” As examples of the 
latter may be mentioned the combination of antigen and antibody 
and toxin and anti-toxin so frequently encountered in the realm of 
immunology. Many antibodies themselves appear to consist of a 
non-colloidal haptene (e.g. the specific soluble carbohydrate of 
Avery and Heidelberger) combined with an antigenic protein and 
would presumably belong to the group. Willstatter and Rohde- 
wald mention six characteristic features of “ symplex ” compounds 
by means of which they may be characterised ; (i) increase of specific 
reactivity of a component, (li) alteration of solubility of a component, 
(iii) alteration of optical properties, (iv) alteration in stability, (v) 
alteration in toxicity and (vi) alteration of reactions, e.g colour 
reactions. The combination of lignin and cellulose which occurs in 
wood seems also to belong to the group. 

Two of the most interesting examples, however, are those related 
to the lyochrome and lipochrome pigments which recently have been 
arousing much interest. The yellow oxidation ferment of Warburg 
and Christian is fairly widely distributed in nature and appears to 
consist, like many enzymes, of a specific part associated with a 
colloidal carrier. The specific part appears to be closely related to, 
or identical with, the yellow pigments which have been found to 
exist in egg-white (ovoflavin), milk whey (lactoflavin), and certain 
animal organs and plants. Kuhn {J. Chem. Ind., 1933, 52, 981) 
considers that these flavin pigments are identical with vitamin B,, 
and so it will be seen that these lyochrome pigments constitute a 
very interesting and important group of compounds. As an example 
of lipochromes (cf. Kuhn, Lederer and Deutsch, Z. Phyaiol. Chem., 
1933, 220, 229) may be cited the blue pigment of the lobster which 
changes to the proverbial red on boiling. The essential pigment 
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here is a carotenoid-like substance called astacin, C 4 «H 4 a 04 mp. 241°, 
which is red in colour but which exists in the lobster (probably in the 
form of a simple ester) in association with a protein as a “ 83 rraplex ” 
compound. This compound is no longer red but happens to be blue. 
When the lobster is boiled the protein is denatured, its properties 
are altered and the astacin, freed from combination with protein, 
exhibits its original native colour and so the boiled lobster is red. 

GEOLOGY. By G. W. Tyrreu., A.R.C.Sc., D.Sc., The University. 

Glasgow. 

Sedimentation and Sedimentary Rocks. —While the subject of 
erosion does not strictly fall under sedimentation it is perhaps 
pertinent here to notice recent challenges to the almost universally 
accepted ideas of the cycle of erosion, and of msolation as a cause of 
rock weathering. C. H. Crickmay, in discussing “ The Later Stages 
of the Cycle of Erosion ” {Qeol Mag., LXX, 1933, 337-47), questions 
the reality of the late maturity and peneplain stages His criticism 
centres around the relative efficiency of general wasting of the sur¬ 
face, and of lateral corrasion, in producing graded plains. Crickmay 
contends that lateral corrasion is by far the more effective agent, 
and is responsible for the development of jieneplains or fan-plains, 
as he prefers to call them These are develoiiod by the confluence 
of flood-plains during the later stages of the cycle of erosion. 

Similarly E. Blackwclder challenges the insolation hypothesis of 
rook weathering (.i4TOcr. Joum. Set., XXVI, 1933, 97-113), in which 
it is held that under favourable climatic conditions rocks which have 
been subjected to alternating stresses brought about by daily changes 
of temperature, are eventually broken down by splitting, exfoliation, 
and crumbling. Blackwelder reviews the question in some detail 
and thinks that the evidence m favour of the h 3 rpothe 8 i 8 is much 
less impressive, both in quantity and in weight, than the evidence 
against it. 

The title of F. Zeuner’s memoir, “ Die Schotteranalyse. Ein 
Verfahren zur Untersuchung der Genose von Flussschottem ” 
{Oeol. Rundsch., XXIV, 1933, 65-104) sufficiently indicates the 
nature of the work. The modes of sedimentation of subaerial 
deposits, especially sand and loess, are discussed by H. Klahn 
(Zeit. d. Deutsch Oeol. Oes., 85, 1933, 14-45). 

G. R. MacCarthy has studied the distribution of rounding in 
beach sands with somewhat anomalous results {Amer. Joum. Sci., 
XXV, 1988, 205-24). A sorting action by waves and currents 
seems to take place whereby the smaller, less dense and more 
angular grains are concentrate at the lower levels of the beaches. 
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whilst the larger, denser and more rounded grains lag behind, and 
are concentrated at higher levels. 

An olivine-sand from Duntulm, Skye, has been described by 
F, Walker {Trana. Oeol. 8oc. Edin., XII, 1932, 321); and an olivine¬ 
bearing conglomerate from Raasay, Skye, has been investigated by 
C. F. Davidson {Oeol. Mag., LXX, 1933, 272-4). 

By moans of a statistical study of clay and bauxite minerals on 
two triangular diagrams, and constructing frequency curves for the 
cardinal ratios, S. I. Tomkeieff {Min. Mag., XXIII, 1933, 463-82) 
concludes that only pyrophyllito, kaolinite, diaspore and gibbsite, 
are definite mineral species. Termierite, anauxite, allophane, etc. 
are probably mineral species also, but the statistical evidence is not 
clear enough to establish them. All other clay minerals are mixtures 
or colloids of variable composition. 

J. de Lapparent {C.R. Acad Sci., Paris, 198, 1934, 669-71) has 
shown by investigation of the clays interbedded with the emery of 
Samos that the clay mineral leverri^rito, which Ross and Kerr had 
declared to be identical with kaoUnite, is really a mixture of musco¬ 
vite and kaolinite. The same author, in a note on “ Classification 
des argiles s6dimentaires ” {C.R. Ar/td. Sci., Paris, 195, 1932, 267) 
distinguishes between halloysite-clays, montmorillonite-clays, and 
kaolinite-clays. 

A statistical study of the “ Textural and Lithological Variations 
in Glacial Till,” by W. C Krurnbein {Joum. Oeol., XLI, 1933,382- 
408) based on material collected from the region south of Lake 
Michigan, shows that till is not so heterogeneous as formerly sup¬ 
posed, and that a given ice sheet tends to produce material having 
a fairly well-defined frequency distribution. Hence, under favour¬ 
able conditions, mechanical composition may be used as a criterion 
for distinguishing between different boulder clays. 

In his paper on “ The Glaciated Surfaces of Nooitgedacht near 
Kimberley, and the Upper Dwyka Boulder Shales of the Eastern 
Part of Griqualand West ” {Trans. Roy. Soc. 8. Africa, XX, Pt. 4, 

1932, 301-25), G. Slater shows that this ancient glaciated area con¬ 
tributes much to knowledge of glacial erosion and sedimentation. 
Nooitgedacht shows fine crag-and-tail structures, while a section at 
De Kalk exhibits the t 3 q}ical sedimentation of glacial material in 
water, and tillite bands representing englacial material deposited 
from floating ice. Intraformational folding is well displayed in these 
deposits. 

In a valuable paper on “ The Properties of Coals as Determined 
by their Mode of Origin,” Professor G, Hickling {Joum. Inst. Fud, 

1933, 11 pp. (reprint)) seeks to establish the conclusion that each 
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coal bed at the time of its formation acquired certain chemical 
characters as the result of the nature of the original plant materials, 
and the degree of their disintegration and bacterial decay. These 
characters establish the “ type ” of coal formed, and have persisted 
through the subsequent changes of composition leading to advance 
in “ rank,” which latter is attributed to the action of pressure and 
moderate heating. Hiokling considers that Hilt’s law is amply 
confirmed by the evidence of the South Wales coalfield. 

In three recent papers Professor G. Hiokling and C. E. Marshall 
have studied the microstructures of coal formed from perfectly 
definite and uncontaminated parts of trees. They show (“ The 
Preservation of Plant Tissues in Coal,” Proc. Univ. Durham Phil. 
Soc., IX, Pt. 2, 1933, 106-16) that vitrain results from the preserva¬ 
tion of plant tissues in a fluid medium which allowed the cell walls 
to be compressed and contorted without fracture. Fusain, however, 
is essentially brittle, and the cell walls fracture as the cells are not 
filled with organic matter, the tissues being preserved in the dry 
state. 

In a second paper {Trans. Inst Min. Eng , LXXXIV, Pt. 2, 
1932, 13-23) the microstructures of the vitrain formed from fallen 
stumps and isolated branches of fossil Gymnospermous trees, are 
investigated. The vitrain was found to have been derived entirely 
from the wood of the stems. In the third paper (i6»d., LXXXVI, 
Pt. 2, 1933, 56-75) the investigation is extended to coals formed 
from fossil tree barks derived mainly from species of SigiUaria and 
Bothrodendron. This leads to a valuable discussion of the nature and 
origin of vitrain, and its relation to other forms of coal, and to an 
analysis of the use and significance of the term vitrain. 

In a paper on “ The Lithology and Palaeobotany of Certain British 
Coals,” R. Crookall {Fud in Science and Practice, 12, 1933, 276-9) 
comes to the conclusion that fragile coals (such as those of Kent) 
owe their fragility to the scarcity or absence of durain, and the high 
proportion of clarain and fusain, but in some instances an excep¬ 
tional development of cleat is the dominating factor. Abundance 
of fusain lenticles indicates that masses of plant debris were exposed 
to subaerial decay owing to fall in level of swamp waters. Physio¬ 
graphic conditions prevailing over the area of deposition affected 
floral development and thus the lithological nature of the resulting 
coals. 

H. R. J. Conacher records a number of native hydrocarbons such 
as chrismatite, zietiisikite, and albertite, with two other forms which 
resemble ixolite, from the oil-shales of the Lothians {Trans. Edin, 
Owl. Soc., XIII, Pt. 1, 1984, 89-97). 
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In an important paper, “ The Precipitation of Calcium Carbonate 
on the Great Bahama Bank,” M. Black {Oeol. Mag., LXX, 1033, 
465-66) shows that this great shoal region acts as a huge evaporating 
pan, drawing in water of normal salinity from the surrounding ocean, 
and concentrating it in the central parts of the bank. As evapora¬ 
tion is greatest in this central area the supply of water bringing 
lime salts is constant, and whatever the mode of precipitation, a 
permanent precipitate of calcium carbonate is to be expected. 
Other topics discussed arc precipitation by plants and invertebrates, 
and biochemical precipitation from calcium sulphate in mangrove 
swamps 

In a monumental work entitled ” Die Bezenten Kalksteine ” 
J. Pia {Min. u. Peir. Mitt., Erg.-Bd., 1933, 420 pp.) classifies the 
recent limestones as (i) Biogenic, and (ii) Abiogenic Under the 
former heading he distinguishes between (a) Physiological Lime¬ 
stones, due to the vital activities of organisms, and {b) Organic 
Limestones, due to the accumulation of calcareous skeletal parts, 
shells, etc There follows a general description and discussion of 
present-day world-wide limestone formation, mcluding a full account 
of the origin of coral reefs 

The fifth part of A. Hadding’s great work on the Pre-Quaternary 
Sedimentary Rocks of Sweden is entitled, “ On the Organic Remains 
of the Limestones. A Short Review of the Limestone-forming 
Organisms ” {Lunda Univ Araakrift N.F. Avd. 2, 29, Nr. 4, 1933, 
93 pp), and deals with plants and animals as limestone formers 
preliminary to the full description of Swedish limestones which is 
promised in a further memoir. In this work the groups of plants 
and animals which contribute to the limestones are treated in 
relation to this function. It is also sought to determine in 
what degree inorganic precipitation, organic formation, and the 
deposition of detritus, have contributed to the origin of calcareous 
sediments. 

Another large memoir on limestones which has reached us 
belatedly is P. H Derville’s doctoral thesis on “ Les Marbres du 
Calcaire Carbonifrre en Bas-Boulonnais ” {Univ. Strasbourg, O. 
Boehm, 1931, 322 pp., 24 pis.). These rocks are of Vision age, and 
are mostly algal limestones, although foraminifera and cephalopoda 
are occasionally important constituents. Other topics discussed 
are the recrystallisation of limestones, the formation of ooliths, and 
the origin of magnesian sediments. 

In discussing “ The Geologic Importance of the Lime-secreting 
Algsp ” M. A. Howe {U.8. Oeol. Surv., Prof. Pofer, 170— E, 1932, 
57-65) describes a new travertine-forming organism, Lithomyxa 
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eakigem, which forms laminated oaloareous pebbles and travertine 
crusts on the rocks in Furnace Creek, West Virginia. 

In his paper on the “ Origin of the Concretionary Structures of the 
Magnesian Limestone at Sunderland, England,” W. A. Tarr {Joum. 
Oeol, XLI, 1933, 268-87) shows that after consolidation of the 
carbonate muds had occurred, the rocks were fractured and jointed, 
permitting the ready circulation of ground water. This resulted in 
recrystallisation of calcite adjacent to the divisional openings, and 
thus developed the columnar forms. The globular concretions of 
tlie dolomitic marls originated from similar growths within powdery 
dolomite. 

In a discussion of the “ Origin of the * Beef ’ in the Lias Shales 
of the Dorset Coast,” the same author (GeoL Mag., LXX, 1933, 
289-94) advances the theory that the “ beef ” (fibrous calcite) is 
due to the leaching of calcium carbonate from fine porous marl by 
a ground water solution, and its subsequent deposition. The thin 
paper>shales which intervene between the layers of “beef” may 
represent concentrations of the original clay of the marls. 

Discussing the origin of the “ Spherulitic Ironstones of West 
Yorkshire,” T. Deans (Oeol. Mag., LXXI, 1934, 49-65) suggests 
that the iron was precipitated in a colloidal condition during the 
final silting'Up phase of the sedimentary rhythm of the Upper 
Carboniferous. He also offers a speculative explanation of spheru¬ 
litic growth in the siderite. 

A. Hadding discusses the origin and paragenesis of the ironstone- 
bearing rocks of south-eastern Scania, and institutes comparisons 
between the oolitic ores of the Jurassic in Lorraine, England, and 
Scania {8ver. Oeol. Undersok, Ser. C, No. 376, Arsbok 27, 1933, No. 1, 
31 pp.) 

It is conjectured by E. A. Sohiebe that the iron of the banded 
quartzose ferruginous slates and schists (itabirite) of Brazil has been 
derived from underlying and interbedded basic igneous rooks (Zeita. 
d. Deutach Oeol. Oea., 84, 1932, 36-47). 

The borings of sediment-dwelling animals have been found pre¬ 
served in flint by K. Gripp in the Cretaceous of Holstein {Mitt. Min.~ 
Oeol. Staatainat., Hamburg, XTV, 1933, 23-40). This is held to 
prove that fliint is due to replacement of chalk in Danian and Montian 
times, when chalk formed the land surface. Silicification is found 
to be greatest near the old land surface, and diminishes with depth. 

E. H. Kranok describes some radiolarian rooks firom Tierra ddi 
Foego (Bull. Soc. giol. France (6), II, 1932, 276-83). Those appear 
to belong to several distinct horizons, and are of two petrographic 
types, namely, cherts and fine-grained greywaokes. The former ^ve 
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been deposited in deeps at some distance from a coast-line; the 
greywaokes, rich in detrital matter, are of comparatively shallow 
water origin. 

In his paper on “ Relations of Cherts to Stylolites at Carthage, 
Missouri,” E. S. Bastin {Joum. Oeol., XLI, 1933, 371-81) shows that 
the cherts have arisen largely by replacement of limestones, with 
frequent preservation of fossils and bedding. They alternate with 
stylolites along the stratification planes, and were mostly developed 
earlier than those structures. 

J. H. Adamson and G. F. Wilson present the results of macro- 
scopical and microscopical examination of the sediments of the 
Ijower Carboniferous in north-east Ireland (Proc. Roy. Irish Acad., 
XLI, Sect. B, No 14, 1033, 179-90). The fresh feldspiars indicate 
mechanical weathering, and the rocks are shallow marine sediments 
probably derived from a land constituted by the metamorphic rocks 
of northern and north-western Ireland. 

Exhaustive mineralogical and textural analyses of “ The Permian 
Yellow Sands of North-East England ” have been made by M. B. 
Hodge (Proc. Umv. Durham Phil. Soc., VIII, Pt. 6, 1933, 1-49), 
The heavy minerals agree in species and type with those of the 
Scottish Carboniferous rocks. The appropriate palasogeographio 
inferences are drawn. 

The memoir by R. Eigenfeld on “ Die Kulmkonglomerate von 
Teuschnitz m Frankenwalde ” (Abh. Maih.-Phys. Kl. S&chs. Akad. 
Wiss., XLII, No. 1, 1933, 64 pp.) is an outstanding example of the 
value of an exhaustive petrographical examination of a con¬ 
glomerate horizon for stratigraphical purposes. The petrographical- 
geological analysis of this conglomerate has resulted in a much more 
accurate conception of the structural bodies and their temporal 
succession amongst the Pre-Variscian members of the Variscian 
orogen than was possible before. 

Metamokphism and Mktamoephic Rooks. —P. Eskola has 
further elaborated his conception of the origin of certain granites 
by diflFerential anatexis (C.R. Soc. geol. de Finlande, No. 7, 1933, 
1^25). He regards the deepseated zone of differential anatexis as 
possessing a temperature high enough to fuse the low-temperature 
(i.e. quasi-granitic) constituents of most rooks. Migmatites are 
especially characteristic of this zone. Above this zone the fused 
matter, together with juvenile magma, collects in plutonic intrusions 
associated with pegmatites and potassic metasomatism. The zone 
of igneous intrusion passes upward into a hydrothermal zone 
characterised mainly by quartz veins. 

Dr. W. J. McCallien has made an interesting summary and 



GEOLOGY 


299 


analysis of the process of metamorphio diffusion (C.R. 8oc, gioL de 
Finlande, No. 8, 1934, 1-19), which leads to metamorphio differentia¬ 
tion. The phenomena of porphyrobloats, quartz-, chlorite-, quartz- 
albite-, and quartz-kyanite-veins, and accentuations of junctions 
between differing rock types, are examples of pronounced meta- 
morphic diffusion. The porphyroblastic albite-sohists of the 
Scottish Highlands are discussed at length in this connection. 

The quartz-kyanite rocks in Unst (Shetland) have been described 
by H. H. Read, and discussed in regard to their bearing on the 
problem of metamorphic differentiation (Jtfm. Mag,, XXIII, 1933, 
317-28). They occur as veins within the chloritoid-kyanite-schists 
of the Saxa Vord Group. Professor Read believes them to be due 
to a process of endogenous secretion during the period of meta¬ 
morphism. The material of the quartz-kyanite veins represents the 
diffeience in comixisition between the normal country-rock and that 
immediately associated with the veins. 

Professor K. H, Scheumann writes “ P^ber die Bedeutung 
der mineralfaziellen Analyse fur die Auffassung dor metamorphe 
Gesteine {Ber d. Math,-Phy*3 Kl d, Sdchs Akad Wi^s,, Leipzig, 
LXXXIV, 1932, 63-90). He deals with three main topics ; the 
mineral-facies mode of consideration, parallelism in mineral facies 
(lietween magmatic, perimagmatic, and telemagmatic proce438e8), 
and correlation between magmatic and metamorphic processes. 

In his paper on ** The Genesis of Oligoclavse in (Certain Schists,’’ 
F J. Turner (Geo/ Mag , LXX, 1933, 529-41) discusses mineralogical 
changes in green schists and related quartzo-feldspathic schists of 
sedimentary origin. He shows that while oligoclase normally 
appears in the almandine and higher metamorphic zones associated 
with deep green hornblende, it also occurs within the higher parts of 
the chlorite zone associated with pale aluminous hornblende. 

A. G. Hutchison has described the metamorphism of the Deeside 
Limestone of Aberdeenshire {Trans. Roy, Soc, Edin,, LVII, Pt. 2, 
1933, 657-92), which may be regarded as a feldspathic facies of the 
Loch Tay Limestone. In the south-western Highlands the Loch 
Tay Limestone lies between the chlorite and almandine zones ; on 
Deeside, however, it reaches the sUiimanite zone. Some anomalous 
mineral assemblages are regarded as departures from sillimanite- 
grade metamorphism arising from local absence of the stress factor. 

The petrology of the Hecla Hook Formation in Central Spits¬ 
bergen is described by P. E. Fairbairn {Oeol, Mag,, LXX, 1933, 
437-64). Rocks belonging to the western schist and gneiss facies 
of the Pre-Devonian series, and of the eastern slate and quartzite 
series of low metamorphio grade, are discussed. Unfortunately no 
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further evidence was found as to the relationship between these two 
v€5ry different facies which come into close contact in the field. 

C. A. Lamey has described the extensive oontact-metainorphism 
which has been produced by the intrusion of the post-Upper 
Huroman Republic Granite of northern Michigan into quartzites, 
dolomites, iron-formations, slates, and greywackes {Joum. Oeol., 
XLII, 1934, 24S-63) Widespread sericitisation has been caused 
in quartzites. Folding prior to, or possibly accompanying, the 
granitic intrusion has resulted in the presence of characteristic stress 
minerals such as staurohte and chloritoid 

An exhaustive study of the contact-raetarnorphism of two slate 
formations by large granite masses and by the Duluth Gabbro has 
lieen conducted by F F. Grout (Bull. Oeol Soc. Amer., 44, 1933, 
989-1040) This work has brought out the important point that the 
two kinds of magma have produced very different metamorphic 
effects Gramte changes the slates to biotite-schists of constant 
composition, with lit-par-lit injection and pronounced dynamic 
effects The gabbro tends to produce hornfelses devoid of notable 
schistosity but showing considerable metasomatic change, 

0. E. Tilley and A. R. Alderman describe “ Progressive Meta¬ 
somatism in the Flint Nodules of the Scawt Hill Contact-Zone 
(Min, Mag , XXIII, 1934, 613-18) Zonotlite-wollastonite rocks 
and woUastonite-pyroxene-raelilite rocks have been produced by 
increasing intensity of metasomatic alteration These changes, in 
which the characteristic forms of the flints have been perfectly 
preserved, are striking examples of replacements unaccompanied by 
volume change (Lindgren’s rule of equality of volume) 

Peculiar rocks produced by the action of burning oil and gas on 
marls in the Persian oil-fields have been described by W. F. P. 
McLintock (Min. Mag., XXIII, 1932, 207-26). The initial effect of 
heat has been the production of diopside, eeginne, wollastonite, 
bytownite, and melilite, with residual calcite ; the final effect is the 
formation of abundant melilite and diopside. A novel discovery is 
the presence of pseudo-wollastonite in some of the more altered types 
which must have been subjected to rather high temperatures. 

Dr. E. B. Knopf has performed an important service to geologists 
by setting out in discussion form the views of Professor B. Sander 
on “ petrotectonios ” (Amer. Joum. Bet., XXV, 1933, 433-70), 
This is the study of the orientation of rock fabric ; its basis is that 
the characteristic motion accompanying the formation of rooks is 
recorded in their fabrics, under which term is comprised not only the 
external space relations of the constituent minerals (shape), but also 
the internal arrangements of their space-lattices (orystaUogrsphio 
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orientation). This line of study can be made to yield much informa¬ 
tion on the conditions of deformation and metamorphism of rocks. 

P. Bearth describes some interesting “ gangmylonite ” (or pseudo- 
tachylytes) which occur abundantly in the banded amphibolites of 
the Lower Engadine “ window ” in the Silvretta Decke {Schtoeiz 
Min. u. Petr. Mitt, XIII, 1933, 347-55). 

The mylonitea occurring in the crystalline rocks of Georgia are 
described and discussed by G. W Crickmay {Amer. Joum. Sci., 
XXVI, 1933, 161-77) They usually appear along major thrust- 
faults, and locally have pseudo-eruptive relations to the parent rock 
which seems to have been a porphyritic rock of granitic com¬ 
position. Mylonitisation occurred during the Appalachian orogeny 
at the close of the Palseozoic era 

H. Ebert’s memoir “ Das Grundgebirge im Elbtale nordlich von 
Tetschon ” (Abh d Sachs. Oeol Landesamta, 14, 1934, 78 pp.) is a 
stratigraphical investigation on meta.morpliic rocks, in which the 
principles of metamorphic petrology are effectively used. Interest¬ 
ing cataclastic phenomena in granite are described. 

J. Gilluly believes that the albite-granite of Sparta, Oregon, and 
albite-granites in general, are of hydrothermal origin {U 8. Oeol. 
Surv., Prof. Paper 175— C, 1933, 65-81). The features which have 
led to this conclusion are common association with crushing 
phenomena, widespread occurrence of graphic textures, epidote and 
other low-temperature hydrous mafic minerals, milky and rutilated 
quartz, and an unusual degree of replacement. 

The mode of occurrence of m 3 Tmekite growths in a meta- 
toscanite from Victoria has led E S. Hills {Oeol. Mag., LXX, 1933, 
294-301) to the conclusion that myrmekito is produced under 
physico-chemical conditions favouring the transfer of mineral 
matter in the solid state. 

J. K. Gustafson describes “ Metamorphism and Hydrothermal 
Alteration of the Homestake Gold-bearing Formation ” {Earn. 
Oeol., XXVIII, 1933, 123-62). The Homestake Formation was a 
heterogeneous sandy, clayey, partly calcareous and ferromagnesian 
sediment. During regional metamorphism garnet, cummingtonite, 
biotite and chlorite were formed in the order given. Subsequent 
hydrothermal action introduced vein quartz, ankerite, a different 
variety of chlorite, and the ore minerals. 

The “ Hydrothermal Metamorphism of an Ultrabasic Intrusive 
at Schuyler, Virginia,” in which the world’s most important soap¬ 
stone deposits were formed, is described by H. H. Hess {Amer. 
Joum. Sci., XXVI, 1933, 377-408). In the rooks studied it was 
found that the lower-temperature mineral always replaced the 
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higher. Talc, which replaces chlorite, is considered to be the low- 
temperature end-member of the series. These changes are conse¬ 
quently believed to have taken place under conditions of decreasing 
temperature. Dynamothermal metamorphism is shown to have 
played only a subordinate role in the formation of these rooks. 

W. H. Wilcockson and W. H. Tyler describe an area of ultrabasio 
rocks in the Kassala Province of the Anglo-Egyptian Sudan {Oeol. 
Mag., LXX, 1933, 305-20). These consist mainly of serpentine 
and talc-carbonate rocks. Talc-magnesite rocks are believed to 
have been derived from serpentine by the action of carbon dioxide. 

BOTANY. By Professor E. J. Salisburv, D.Sc., F.R.8., University 

Collogis Lundon, 

Developmental Anatomy. —In most species of flowering plants 
in which the production of adventitious roots has been investigated 
they have been found to arise either from the cambium or from the 
pericyclic region In Roripa auatriam, however, the origin of the 
adventitious roots was traced, by Wilson, to epidermal and cortical 
cells. F. Wolfe (Bot Oaz., XCV, 686, 1934) now reports that in 
Cotoneaster Dammeri the adventitious roots, which arise in an axillary 
position, develop from one of the two groups of parenchymatous 
cells in the divided bud-gap. The roots formed on cuttings of 
Lonicera japonica have been investigated by S. Sandison {New 
Phyt., XXXIII, 211, 1934) who finds that those are dimorphic. 
Some of the adventitious roots which arise from pre-oxistmg root 
initials are relatively thick unbranched structures wliich possess 
a medullated stele consisting of separate xylem strands. Other 
adventitious roots develop from the callus tissue and these compared 
with the others are thin, furthermore they are branched and con¬ 
tain a solid non-medullatod xylem strand. Comparison is made 
with the normal dimorphism of the roots of Fragaria where branched 
and unbranched roots likewise occur and the branched roots have 
copious lignification. 

As comparatively little is known regarding the earliest stages of 
leaf development, the paper by G. H. Smith on the anatomy of the 
embryonic leaf {Amer. Jour. Bot. 21, 194, 1934) is a welcome 
addition to our knowledge. He finds that in all the species in¬ 
vestigated the form of the adult leaf is assumed at a very early 
stage and that the embryonic leaf consists of from five to eight 
layers of cells characterised by their uniform size and regularity. 
From the middle layer provascular areas are formed by horizontal 
division of contiguous units. The whole tissue of the young leaf 
is meristimatic throughout and it is not until after the bud swells 
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that differentiation, as regards rate of maturation, is recognis¬ 
able. It would appear that extreme “ shade-leaves ” are not only 
relatively juvenile types of foliage as indicated by their adult 
morphology but that they are juvenile also in respect to retaining 
the same number of cell layers as the leaf rudiment. In the thicker 
“ sun-leaves ” the number of layers, however, undergoes increase. 

The observations of Harvey-Gibson that two species of Selagindla 
possessed xylem consisting partly of true vessels has been found 
by Duerden to hold true for six other species. In these as in 
S. oregana and S. rupeslria the xylem is stated to consist mainly of 
vessels. In 8. apinosa the xylem is entirely tracheal and this is 
true also of all the heterophyllous species examined (Ann. Bot., 
XLlll, 469, 1934). 

Ecology and Distribution. —A map of the former distribution 
of the Hornbeam as indicated by pollen analyses as well as its 
present distribution is furnished by Erdtman (Svenak Bot. Tida., 
28, 369, 1934). The pollen occurrences indicate that Carpinua 
betulua may formerly have had a much more extended range than 
at the present day. The resemblance of the present distribution 
to that of the Beech is commented on, but whereas Fagtia is regarded 
as having extended from the Mediterranean region the Hornbeam 
is held to have spread from the Balkans. 

Prom a study of the two closely allied species of Ajuga, namely 
Ajuga chamuipitya and Ajuga chia. Dr. Turrill (New Phyt., XXXIII, 
218, 1934) concludes that there has been a differentiation from 
a common stock. A. chcemapitys is very uniform almost through¬ 
out its range which extends over western Eurasia whereas A. chta 
characterised by larger flowers and transversely corrugated seeds, 
is very polymorphic and has a considerable range over eastern 
Eurasia. In the areas of contact intermediate types occur. 

The rapid spread of the introduced Croton aparaiflorum in India 
is described by A. C. Joshi (Current Science, II, 344, 1934). The 
species first appeared in Bengal about 1898 and since then has 
spread chiefly along river banks. By 1908 it had established itself 
about Calcutta and is now abimdant in Bengal, Assam, and Orissa. 

Experiments of ecological interest have been carried out by 
Clark and Shive on the absorption of ammonia nitrogen and nitrate 
nitrogen by the Tomato (Soil Science, XXXVII, 203, 1934). They 
find that a high pH favours absorption of ammonia nitrogen, this 
absorption having a value at pH 7 nearly double that at pH 4. 
On the other hand, the maximum rate of absorption of nitrate 
nitrogen was at pH 5 ; whilst at pH 7 this rate was approximately 
halved. But the effect of the reaction of the nutrient medium on 
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the nitrate absorption was markedly less in older than in younger 
plants. Sudden changes of reaction in either direction appear to 
retard absorption, which effect may be partly responsible for the 
ameliorating influence of buffering substances such ets organic 
material in sods liable to attain high acidity or alkalinity. In a 
further paper {ibid., p. 469) it is shown by means of analyses that 
the conditions which favour the highest rates of absorption of 
ammonia nitrogen or nitrate nitrogen are also those which are most 
favourable to their assimilation. 

An interesting study of the influence of light at the upper limit 
of forest in Switzerland is reported by P. C/ollaer in BuU. 8oc. Bot 
Suisse, 43, H 1, 1934. He finds that above 1,0.60 metres, Picea 
excdsa, when growing in full illumination, exhibits a diminution in 
the quantity of chlorophyll which it contains and a diminution of 
diastatic activity; the latter is attributed to the intensity of the 
violet and ultra-violet rays above this altitude, whilst the rays of 
the re<l and orange region are held responsible for the lowered 
chlorophyll content. Larix decidua above its limit at 1,950 metres 
shows no diastatic diminution bot a reduction in chlorophyll content. 
Finns cembra shows no diminution in either its chlorophyll content 
or diastatic activity up to the altitudiiml limit of its occurrence. 
It is concluded that the upper limit of the Spruce is not determined 
by wind action but by light, and in support of this, attention is called 
to the rarity of evidence of wind injury of this tree whereas Larix 
decidua and Pinus cembra the limit of which is not determined by 
light frequently exhibit injury due to this cause. 

Prom a study of the twelve species of Gupressus belonging to 
the section £u-Cupressus, A. Joul^rt and P. A. Burollet conclude 
that, though at present exhibiting restricted areas of distribution 
in the warm temperate region of the northern hemisphere, the 
species of this genus had a much more extensive circumboreal range 
in Tertiar}' times. Human influence is held to be largely responsible 
for the diminution of the Mediterranean species which is essentially 
characteristic of progressive stages in the plant succession whereas 
the Pir (Abies) is a feature of retrogressive phases. The C 3 rpres 8 
is regarded as a feature of the Quercus Ilex region and attention is 
called to the association of sclerophyUous species of Oak with species 
of Cypress not only in the Mediterranean but also in the Himalaya, 
in China and in North America (Bevae des Eaux et Forits, 1-30, 
1934). 

Data regarding the biology of Cirsium arvenae are famished by 
A. Hayden {Amer. Jour. Bot., XXI, 364, 1934). Its functionally 
dicecious habit limits its spread by seed, since plants of only one 



BOTANY 


305 

sex may often be introduced as a weed, but its rapid vegetative 
spread diminishes the value of measures to prevent the plant fruit¬ 
ing. Effective pollination appears to occur in Iowa when plants 
of the two sexes are not separated by more than 200 feet, though 
from two to three seeds in a head were found where the sexes were 
separated by from 500 to 600 feet. Extension, probably vegetative, 
of from 20 to 40 feet in a season has been recorded. The roots 
penetrate to a depth of from 7 to 18 feet and buds develop either 
from the underground stems or from the numerous horizontal roots 
which extend considerable distances in the top 3 feet of soil. Frag¬ 
ments of root only J inch long will develop into plants whilst each 
fruiting oapitulum will form about 50 achones and of these from 
10 per cent to 95 per cent are viable From a few scattered 
]oce.tionB in Iowa forty years ago Ctrsium arvense has spread through¬ 
out the state, but accompanying maps show that oven to-day the 
density of occurrence is greatest in the areas of its original settlement. 

An account of the sublittoral ecology of a gully in South Devon 
is given by J. A. Kitchen, T. T. Macan and H C. Cilson m Jour. 
Marine. Biol. Assn., XIX, 677, 1934 The investigation was carried 
out by means of a diving helmet. Two Algal Associations were 
recognised. The one dominated by largo Brown algie, chiefly 
Laminaria Cloustoni, L. Saccharina, L. dtgttaUi, Htamenlhalia lorea 
and Saccorhiza bulbosa, which occurred on all upward-facing rock 
surfaces. The undergrowth here consisted of an upper layer of 
Rhodymenia palmata, Chrondrus crispus, etc. , a middle layer of 
Corallina and a basal layer of animals. The light intensity below 
the Laminaria fronds was from 0-6 per cent to 1 jier cent of that in 
the air above, whilst cbove the fronds the illumination in the water 
was 5*3 per cent. The second association was found on the vertical 
and overhanging rock surfaces. Here the larger brown alga? are 
apparently excluded by some factor other than inadequate illu¬ 
mination and Red algae especially Mynogramme Bonnemaisoni, 
Rhodomenia Paimetta, and Lomentaria articulata are characteristic. 
In this community the dominant life is not algai but the sponge 
Halichondria and the Tunicate Distomus. In the same journal 
H. W. Harvey (p. 775) furnishes quantitative data with regard 
to the amount of phytoplankton present in the sea which tend 
to show that from April to July the amount present is regulated 
by the intensity of “ grazing ” by herbivorous zooplankton. An 
August minimum is coincident with an almost complete absence 
of dissolved phosphate. 

The Flumbaginaoeie present various abnormal features in the 
development of the embryo-sao to the understanding of which 
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the condition in Plumbago, described by A. W. Haupt, contri¬ 
butes (Bot. OaZ; XCV, 686, 1934). The single ovule in Plumbago 
capensia is of caulino origin, being derived from the apical meris- 
tem. The archisporium consists of one or two cells and after 
division two layers of parietal tissue are formed, a feature of some 
interest in view of the usual absence of this tissue in members 
of the Sympctalse The megaspore mother cell gives rise to the 
embryo-sac directly and an eight nucleate stage is developed, but 
the mature condition normally exhibits one large egg cell and a 
primary endosperm nucleus derived by the fusion of four, instead 
of two, nuclei The remaining three of the original eight nuclei 
normally degenerate It would thus appear that Plumbago capenais 
presents a less specialised condition than the embryo-sac of Plum- 
bagella described by Dahlgren in which only four nuclei are stated 
to be formed and m which the mature condition presented an egg 
cell and a fusion nucleus to which three nuclei contribute. 

A detailed study of the cytology of Scilla non-acripta {nutana) 
has been made by Miss Hoare (La Cellule, XLII, 3, 269, and XLIII, 
1 , 7, 1934). Both in meiosis and mitosis the chromosomes are 
held to consist of two intertwined spiral chromonemata. The 
megaspore mother cell exhibits two nuclear divisions and a wall 
is formed which separates two binuclear cells. Of these the upper 
eventually becomes an embryo-sac with the normal eight nuclei 
but the lower, which may be regarded as an abortive embryo-sac, 
never passes beyond the four nuclear stage and these nuclei may 
degenerate. The embryo-sac is fully developed and ready for 
fertilisation some weeks before the flower opens Some thirty-five 
to seventy-four hours is required after pollination for development 
of the pollen tube and for fertilisation to be completed. The pollen 
tube traverses the style thence along the surface of the axile placenta 
and the fumculus to the mioropyle After the first transverse 
division of the fertilised egg a further division produces a three- 
celled stage each member of which starting from the terminal cell 
undergoes longitudinal division. Fertilisation and triple fusion 
take place in the normal way. In a paper on the subject of sex in 
plants, Bressman (Amer. Jour. Bot., XXI, 328, 1934) states that 
there are four kinds of plants of Humulua lupulua. Some Hop 
plants bear male flowers only, others female flowers, a few bear 
both types of flower whilst still others bear small flowers that are 
sterile. Of 123 root cuttings taken from male plants 66 developed 
a proportion of female flowers ranging from 1 to 76 per cent. Whilst 
sex reversal from male to female is not infrequent in the Hop the 
development of male flowers on female plants would appear to be 
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extremely rare, but the author records an instance in which a single 
whorl of male flowers was present in the middle region of an other¬ 
wise female inflorescence. 

PLANT PHYSIOLOGY. By Pbofessob Waltbb Srnja, Sc.D., F.R.S., 
The Umverexty, Birmingham. 

Tkanslocation. —Some important works on the transport in plants 
of assimilates and other dissolved substances have appeared during 
the last few years. Chief among these must be reckoned the fimther 
studies on this subject by E. J. Maskell, T. G. Mason and E. Phillis, 
dealing with the cotton plant. The transport of nitrogen is dealt 
with in a series of six papers published during the years 1929 to 
1934 under the general title “Studies on the Transport of Nitro¬ 
genous Substances in the Cotton Plant.” The first five of these 
papers are by Maskell and Mason, the sixth by Mason and Phillis. 
The first of them is entitled “ Prelimmary Observations on the 
Downward Transport of Nitrogen in the Stem.” (Annals of Botany, 
43, 205-31, 1929). By chemical analyses of leaves collected at 
intervals over a period of twenty-four hours or longer it was shown 
that the nitrogen content of the leaf rises during the day and falls 
during the hours of darkness. The nitrogen content of the outer 
tissues (“ bark ”) of the stem just below the foliar region shows 
similar variation in non-fruiting plants, but m fruiting plants there 
is no appreciable variation in the nitrogen content of this region. 
If a stem is ringed, that is, if a ring of the outer tissues is removed, 
nitrogen accumulates in the stem above the ring and decreases 
below it, thus indicating that movement of nitrogenous material 
is stopped by ringing, and so affording evidence that nitrogenous 
substances are transported in the outer tissues. This conclusion, 
together with the observed diurnal variations of nitrogen content 
of leaf and bark, afford strong evidence for the view that nitrogen 
compounds are synthesised in the leaves and transported from 
them in the tissues external to the xylem. It is significant that 
ringing does not affect the movement of inorganic nitrogen into 
the leaf, a finding which is in agreement with the generally accepted 
view that the nitrogen compounds absorbed by the root travel in 
the xylem dissolved m the water of the transpiration stream. 

The second paper deals with “ Observations on Concentration 
OraMlients ” (Annals of Botany, 43, 615-62, 1929). The authors 
foimd that, contrary to what might be expected, the vertic6d con¬ 
centration gradient of nitrogen in the bark is such that there is 
a higher concentration of organic crystalloidal nitrogenous com¬ 
pounds at a lower than at a higher level. With the leaves and 
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wood, however, the gradient is in the opposite direction, and the 
authors hold this to support the view that the gradient of mobile 
nitrogen in the bark is in the direction of downward movement, 
for the mobile nitrogen in the leaves and wood of the stem should 
be in dynamic equilibrium with the mobile nitrogen in the bark. 
That the gradient of total organic nitrogen should be in the opposite 
direction might be due either to chemical masking, that is, the 
masking of the positive gradient of mobile nitrogenous substances 
by a negative gradient of immobile crystalloiclal nitrogenous sub¬ 
stances, or by regional masking, in which case the actual channel 
of nitrogen transport is limited to one part of the bark and the 
positive gradient in this channel is masked by negative gradients 
of nitrogen in the other tissues of the bark. But Maskell and Mason 
found firstly that there are definite negative gradients of amino- 
acids and asparagine in the bark as a whole and that those would 
more than account for the observed negative gradient of organic 
crystalloidal nitrogen, while secondly it was found that both the 
total organic crystalloidal nitrogen and the asparagine and amino- 
acid fractions exhibit a steeper negative gradient in the inner part 
of the bark which contains the sieve-tubes than in the outer part 
which consists chiefly of medullary ray cells and cortex. There is 
a possibility of masking by negative gradients in the companion 
cells, while it is also possible that part of the amino-acids and 
asparagine in the sieve-tubes is not really mobile but is rendered 
immobile in some way, as, for instance, by adsorption. 

The analyses of diflPerent layers of the bark mdicate that amino- 
acids and residual nitrogen (that is, crystalloidal mtrogen which 
is not accounted for by asparagine, amino-acids, nitrate and am¬ 
monia) are chiefly to be found in the sieve-tubes, while asparagine 
is present in highest concentration in the medullary rays, although 
it is also present in high concentration in the sieve-tubes. This 
suggests that organic nitrogen is transported chiefly as amino-acids 
or as the substances of unknown composition containing the residual 
nitrogen, while asparagine is a storage substance. It is important 
to note that the positive gradient observed in the leaf and petiole 
is due chiefly to residual nitrogen and to a less extent to amino-acids, 
while the gradients of nitrate, as we should expect, and of asparagine, 
are in the reverse direction. 

In the third paper (“ The Relation between Longitudinal Move¬ 
ment and Concentration Gradients in the Bark,” Annals of Botany, 
44, 1-29, 1930) the question of the concentration gradients of 
nitrogenous substances is further examined. Stems were defoliated 
and ringed near the base, a treatment which has the elSeot of stopping 
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the transport of dissolved material. In stems so treated there is 
still a marked negative gradient of crystalloidal nitrogen, as well as 
of protein, in the outer tissues of the stem ; indeed, the gradients 
are steeper than when translocation is still taking place. This is 
in marked contrast to what is observed with regard to sugars, for 
with cessation of movement the positive gradient of these latter 
substances disap[)ears. Maskell and Mason therefore suggest that 
the observed negative gradient of crystalloidal nitrogen is the 
resultant of two components, a static negative gradient of storage 
nitrogen and a dynamic positive gradient of mobile nitrogen. 
When conditions lead to the cessation of movement the static 
negative gradient persists, not Iwing concerned in movement, while 
the dynamic gradient of mobile nitrogen, like the sugar gradient, 
disappears. 

In the fourth paper (“ The Interpretation of the EflFects of 
Ringing, with Special Referem^e to the Lability of the Nitrogen 
Compounds of the Bark,” Annals of Botany, 44, 234-67, 1930) the 
authors record the results of analyses which show that changes 
in nitrogen compounds in the bark, such as conversion of protein 
to crystalloidal nitrogen and vice versa, may be very rapid. Such 
changes are observed, for example, as a result of ringing, or alter¬ 
ations in humidity, desiccation bringing about a conversion of 
crystalloidal nitrogen to protein. A change in the reverse direction 
results from a decrease in sugar concentration and perhaps of 
hydrogen ion concentration. Since nitrogen compounds in the bark 
thus appear to be very labile it would seem that all the nitrogen 
fractions in the sieve tubes may be involved in the translocation of 
nitrogen through the stem, since immobile nitrogen can be trans¬ 
formed to mobile nitrogen, and vice versa, with such rapidity. 

The fifth paper is concerned with the transport of nitrogenous 
substances to the fruit (“ Movement to the Boll,” Annals of 
Botany, 44, 657-88, 1930). Removal of flower buds and fruits 
leads to an increase in concentration of both carbohydrates and 
nitrogenous substances in the leaves and both wood and bark of 
the stem, as would be expected when a centre of utilisation of 
assimilates is removed. By a series of analyses of developing fruits 
it was found that the uptake of both carbohydrates and nitrogen 
increased after fertilisation. The authors point out that this effect 
might be due to either an increased rate of utilisation of assimilates 
or to their easier entry into the ovules and carpels. In the first 
case the concentration of the entering substance in the ovule (or 
carpel) diminishes and the gradient steepens, while in the second 
case the concentration of the substance in the ovule increases and 
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inoroaeed growth results. With both increased rate of utilisation 
and increased ease of entry the concentration of the substance in 
the ovule may remain the same. The rate of utilisation can be 
calculated by determining the total amount of substance utilised 
in a certain time and the average concentration of the substance 
during that time. Maskell and Mason call the amount utilised 
in unit time per unit of substance (carbohydrate or nitrogenous 
compound) present the utilisation index, and such indices they 
calculated for ovules and carpels in respect to sucrose, reducing 
sugars, and the various nitrogen fractions (protein, crystalloidal, 
asparagine, residual and amino-acid). From the values they ob¬ 
tained they concluded that the increased uptake of sugars resulted 
from both increased ease of entry of sucrose and increased utilisation. 
The increased intake of nitrogen after fertilisation apjiears to result 
from an increased rate of utilisation of crystalloidal nitrogen which 
brings about a lowering of the concentration in the organ. In 
the ovules this behaviour is shown by both asparagine and residual 
nitrogen, but by the latter only in the carpels. An examination of 
the concentration gradients of the different nitrogen fractions 
suggests, however, that the nitrogen enters both carpels and ovules 
from the sieve-tubes in the form of residual nitrogen and not as 
asparagine. 

The sixth of the studies on the transport of nitrogen is entitled 
“ Concerning Storage in the Bark ” (Amtala of Botany, 48, 315-33, 
1934). In this paper the authors examme further the static negative 
gradient of crystalloidal nitrogen in the bark. With formation of 
flowers nitrogen is withdrawn from the vegetative parts of the plant, 
more being withdrawn from the bark of the lower part of the stem 
than from that of the upper part, and the nitrogen gradient ulti¬ 
mately changes in direction. From these observations the authors 
conclude that there is a greater proportion of storage nitrogen in 
the lower part of the bark than in the upper part and that the 
observations support their view of a steep negative static gradient 
and a less steep positive gradient of translocatory nitrogen, the 
former being made up of storage substances. They find, however, 
there is no withdrawal of this nitrogen from the bark even under 
conditions of nitrogen starvation induced by cutting off the supply 
of nitrogen to the roots. Hence the storage of nitrogen in the bark 
appears to be unrelated to the supply of nitrogen to the plant. 

In another paper Phillis and Mason return to the problem of 
carbohydrate translocation (“ Studies on the Transport of Carbo¬ 
hydrates in the Cotton Plant. III. The Polar Distribution of 
Sugar in the Foliage Leaf,” Annals of Botany, 47, 686-634, 1933). 
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A number of analyses were made of the various carbohydrates in 
dijBFerent parts of the leaf at different times, values thus being 
obtained for glucose, fructose, total hexoses, sucrose and poly- 
glucosides. From their determinations the authors conclude that 
carbohydrate is conveyed from the assimilating cells to the phloem 
chiefly as sucrose, and that it is in this form that it also travels 
through the phloem of the leaf and petiole to the stem. There is 
a positive concentration gradient of sucrose in the phloem of leaf 
and petiole, but the concentration of this sugar is about ten times 
08 great in the phloem of the petiole as in the assimilating cells. 
Since it follows from the existence of the positive gradient that the 
concentration in the phloem of the fine veins is higher than in that 
of the petiole, there must be a sudden change m concentration in 
passing from the mesophyll to the phloem of the bundle ends. At 
these bundle ends the veins contain a large proportion of phloem 
consisting of small sieve-tubes and large oornpamon cells and un¬ 
divided mother cells resembling the companion colls. The two 
latter kinds of cells are grouped together as transition-cells They 
form a large proportion of the total cross-section of the fine veins 
and it is suggested that they are the cells in which sucrose accu¬ 
mulates and from which it passes into the sieve-tubes. This 
supposition leads to another suggestion, namely, that the function 
of companion cells is also to accumulate sucrose from neighbouring 
parenchyma cells and pass it on to the accompanying sieve-tubes. 

Two more papers by Mason and Maskell remain to be considered 
In the first of these (‘‘ Preliminary Observations on the Transport 
of Phosphorus, Potassium and (Jalcium,” Annals of Botany, 45, 
125-73, 1931) data with regard to the transport of various ash 
constituents are presented and considered much in the same way 
as those presented by the same authors concerning carbohydrates 
and nitrogen. The general conclusion is drawn that the ash con¬ 
stituents ascend the stem in the wood and that phosphorus and 
potassium at any rate, like carbohydrates, are translocated down¬ 
wards in the phloem, although there is no evidence of a movement 
of calcium in this tissue. There appears to be more of the ash 
constituents moving downwards than is necessary for growth, having 
regard to the quantities of carbohydrate moving downward. It 
is suggested that this excess of nitrogen, potassium and phosphorus 
may pass back into the traohees, analyses of the contents of which 
indicate a comparatively high content of ash constituents as com¬ 
pared with that of sugar, while organic nitrogen may amount to 
one-third of the total nitrogen present. It has already been noted 
that on fertilisation the rate of uptake of carbohydrate and nitrogen 
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by the ovule and carpel increases. The same is the case as regards 
phosphorus and total ash, but there is no indication of any such 
increase in the case of calcium, which appears to enter by way of 
the xylem. 

In the last of the papers by Mason and M>iskell to be con¬ 
sidered here (“An Ontogenetic Study of Concentrations and Vertical 
Gradients,” Annals of Botany, 48, 119-41, 1934), the authors return 
to the problems of the concentration gradients m the bark of the 
cotton plant stem. They reiterate the view that where storage 
of a substance takes place in the bark there results a negative 
vertical concentration gradient, but with substances which are not 
so stored there is always a positive gradient. Among the latter is 
potassium, while phosphorus is stored at first and utilised later, with 
the result that an initially negative gradient becomes ultimately 
reversed to a positive one. 

When this subject was last reviewed in those pages reference 
was made to the earlier observation of Mason and Maskell that the 
rate at which carbohydrates move through the phloem corresponds 
to an effective coefficient of diffusion about 20,000 to 40,000 times 
that of the actual coefficient of diffusion of 8ucro.se in water. For this 
extraordinarily high rate of movement 0. F. Curtis (“Studies in 
Solute Translocation in Plants,” Amer. Joum. Bot., 16, 154-68, 
1929), suggests that protoplasmic streaming in the sieve-tubes is 
responsible by carrying the translocated material in the stream. 

A quite different mechanism to account for the rapidity of trans¬ 
location is that proposed by E. Mtinch in his “ Druckstroratheorie ” 
(Die Stqffbewegungen in der Pflanze, Jena, vii -f 234 pp., 1930). 
According to Munch’s theory the movement of dissolved substances 
in the phloem is not brought about by diffusion, with each substance 
travelling more or less independently down its own concentration 
gradient, but by a mass movement of liquid. On this view the 
assimilating tissue as a whole may be compared with an osmotic 
cell attached to a capillary tube, the phloem elements corresponding 
to the latter. If such a cell, separated from water, develops an 
osmotic pressure, water will be drawn in and the contents of the 
cell will be forced up the capillary. The rate of movement through 
the capillary depends, among other factors, on the ratio of the 
surface through which water is absorbed to the cross-section of the 
capillary, and if this ratio is large the rate of movement of liquid 
through the capillary may be very rapid. On the Miinch hypothesis 
the water absorbed by the assimilating cells from the xylem in a 
similar way leads to a mass movement of liquid into and through 
the sieve-tubes of the phlo6m. For the mass movement of liquid 
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to proceed in this direction it is immaterial if the phloem elements 
at their far end terminate in a similar cellular osmotic system, 
provided the pressure tending to send water in at this end is less 
than at the other. This theory has been criticised by O. F. Curtis 
and H. T. Scofield (“ A comparison of osmotic concentrations of 
supplying and receiving tissues and its bearing on the Miinch hy¬ 
pothesis of the translocation mechanism,” Amer. Joum. Bot., 20 , 
502-12, 1933). They point out that the hypothesis requires a 
gradient of turgor pressure, chiefly dependent on osmotic pressure, 
from the supplying to the receiving tissues, and examined the theory 
from the point of view of this requirement. But in material of 
various kinds, sprouting potatoes, seedlings, sprouting onion bulbs 
and so on, they found the osmotic gradient was always in the reverse 
direction from that required by the theory and was in fact from 
the receiving tissue to the supplying tissue. On the other hand, 
H. H. Dixon (“ Bast Sap,” Sci. Proc. Roy Dublin Soc., 20 , 487-94, 
1933) has made observations on the sap exuding from punctures of 
the phloem of the ash tree at different levels, and has found osmotic 
pressure gradients of 2 to 9 atmospheres per metre in the direction 
required by Munch’s theory. A gradient of osmotic pressure in 
the same direction has also been recorded by Mason and Maskell 
for the cotton plant in the last of their papers referred to above. 

Lastly, brief reference may be made to a theory put forward 
by A. S. Crafts (“ Movement of Organic Materials in plants. Plant 
Physiol., 6, 1-38, 1931), according to which translocation is accom¬ 
plished by a mass flow of solution through the cell walls of the whole 
phloem. Crafts’s work has been destructively criticised by F. C. 
Steward and J. H. Priestley (“ Movement of Organic Materials in 
Plants ; a Note on a Recently Suggested Mechanism,” Plant 
Physiol., 7, 165-71, 1932), mainly on the ground that the use made 
by Crafts of Poiseuille’s formula for the rate of flow of a fluid through 
a tube involved assumptions which would lead to quite incorrect 
conclusions. 

ZOOLOGY. By O. R. db Bker, M.A., D.Sc ; and J. A. Moy-Thomas, 
B.A.; the Univorsity, Oxford. 

The nephridia of Amphioxus have been the subject of two papers by 
E. S. Goodrich {Quart J. Micr. Sci., 76, 1934, 499 and 666), in which 
he has studied their development. In the unpaired Hatschek’s 
nephridinm as well as in the paired nephridia, the solenocytes and the 
nephridial tube arise from groups of cells situated between the 
endodermal wall of the pharynx and the coelomio epithelium, but 
derived from neither ; they must presumably be of ectodermal (or 
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eotoinesodermal) origin. At no time do the nephridia of Amphioxus 
possess an internal opening : they are true protonephridia, agreeing 
in structure and development with the similarly named organs in 
Invertebrates. 

It is very much to be hoped that teachers will pay particular 
attention to Goodrich’s researches on nephridia, ft)r there is now no 
excuse for the shocking confusion between nephridia and coelomo- 
ducts so often shown by scholarship candidates, and from which even 
recent text-books are unhappily not free. It is therefore particularly 
unfortunate that P G4rard and R. Cordier {Btol. Rev , 9, 1934, 110) 
and R. Cordier (Arch, de Btol., 45, 1934, 431) should have interpreted 
their studies into the histophysiology of the frog’s kidney and the 
earthworm’s nephridia on the supposition that thc.se structures are 
homologous. Of few things is it possible to say with such authorita¬ 
tive conviction as in this case, that this is not true Gerard and 
Cordier find that in both organs, the cells have the property of 
absorbing electro negative colloid particles at their apical poles : an 
interesting fact, but devoid of any bearing on the homology of the 
structures 

Recent parts of the Archives de Biologic contain a number of 
papers devoted to the study of endocrine organs. L Desclin {Arch, 
de Btol , 45, 1934, 603) has investigated the effects on the anterior 
lobe of the pituitary of castration and gestation He finds that the 
effect exerted on the pituitary by the gonads is due to a hormone 
associated with the presence of gametocytes, and not with the hor¬ 
mone produced by interstitial tissue. The modifications in the 
pituitary anterior lobe accompanying pregnancy are shown to be 
associated, not with the presence of the embryo or placenta, but 
with that of a corpus luteum. 

The thymus, and in particular the method of origin of the small 
thymus cells, is the subject of a study by H. de Winiwarter {Arch, de 
Biol., 44, 1983, 741). Formerly, this author regarded these cells as 
epithelial derivatives. He now believes that the small cells arise 
in this manner at first, but that subsequently an invasion of 
lymphocytes takes place, and that the lymphocytes are then in¬ 
distinguishable from the epithelial derivatives. This view is 
criticised by A. P. Dustin {Arch de Biol., 45, 1934, 339) who con¬ 
siders such an invasion (unless in the case of pathological inflamma¬ 
tion) unlikely owing to the presence of a basement membrane sur¬ 
rounding the thymus at ail stages. The last word has not been said, 
therefore, as regards the solution of this problem. 

F. Thomas {Arch, de Biol., 45, 1934, 189) has devoted an 
intense study to the problem of the secretion of the thyroid in 
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man. The gland possesses four types of epithelial cells, differing in 
form and in function ; three of these t 3 rpe 8 are concerned with very 
slow, slow, or rapid elaboration and secretion of colloid into the 
vesicles, and the fourth performs the extraction of thyroxine from 
the colloid and excretes it into the noighboiu-ing vessels. The rela¬ 
tive preponderance of these types and functions varies at different 
ages and under certain pathological conditions. 

G. R. de Beer and E. J. Barrington (PhU. Trans. Roy. Soc., B, 
223, 1934, 411) have investigated the segmentation of the head of 
the duck and the development of its cartilaginous skull They find 
the number of segments in the bird’s head to be as against 9 for 
the mammal, the difference being due to the fart that the occipito- 
atlantic joint is intervertebral (intrasegmental) in the former and 
intravertebral (intersegmental) in the latter. There are reasons for 
believing the original skull to have occupied the first four segments ; 
the skull-region (if and where any) posterior to this representing 
absorbed vertebral bodies. The cartilaginous skull of the bird 
presents considerable resemblance with that of the crocodile. 

J. A. Moy-Thomas {Quart. J Mtcr Set , 76, 1934, 482) has 
studied the relation of bony plates to teeth in Belone, Salmo, 
Amia, and Ijcpidosiren, and presented further evidence in favour of 
the view that bone did not arise as a result of the fusion of the basal 
plates of denticles Bone is frequently formed precociously at the 
base of developing teeth, but is never part of the tooth, although 
frequently interpreted as such. 

H. W. Lissmann and A. Wolsky {Zeitschr. fUr vergl. Physiol., 19, 
1933, 656) have made use of the well-known fact that in crayfish an 
antenna may be regenerated in place of a lost eye, to perform experi¬ 
ments of the greatest interest on the nature of the stimuli to which 
the heteromorphic regenerated antenna responds, and the reflex 
arcs with which it is connected. The result of application of chemic.al, 
tactile and rheotactic stimuli show that this antenna perceives 
chemical stimuli (which the eye does not) although it is innervated 
by the former optic nerve. 

C. H. Waddington (J. Exp. Biol., 11, 1934, 211) has continued 
his experiments on the action of organisers, and has shown that the 
primitive streak of the chick is capable of inducing the formation of 
neural plate in rabbit tissue. 

PALiEONTOLOOY. —Recent research had left no doubt that the 
Macropetalichth 3 rids were Elosmobranchs, but the relationship of the 
so-called “ Euarthrodira ” (Coccosteus, Dinichthys, etc.) was a very 
vexed question. Briefly, the two schools of thought were that on the 
one hand the group had jaws which were not comparable to those of a 
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true Gnathostome, but were on a line of their own, and on the other 
hand that they were related to the Macropetalichthyids and conse¬ 
quently to the Elasmobranchs. Stensio (KungL Sxmsh Veferis. 
HandL, 13, No. 5, 1934) has given descriptions of the heads of these 
Euarthrodires—Pholidosteus, Leiosteus, and an Aoanthaspid— 
which show that in the structure of the braincaso and jaws they re¬ 
semble the Elasmobranchs and Holocephali, particularly the latter. 
Therefore, there is no need for any separation of the Macropetalich¬ 
thyids from the Euarthrodires and the two can be classed together 
as the Arthrodira, a Devonian group of bony Elasmobranchs, some 
forms of which closely resemble present-day sharks and rays in 
general body form. One of the most interesting points about the 
paper lies in the fact that the nature of the jaws of Arthrodires, 
which has been a problem since the days of Hugh Miller, has been 
finally elucidated. 

PHYSICAL ANTHROPOLOGY. By L. H. Duni^v Buxton. M.A., 
D.Sc., Exoter College, Oxford. 

An historical epoch is usually not noted until it has passed, but there 
does seem to be a definite tendency on the biological side of anthro- 
pology which has become very evident in the publications of the last 
few months. There has, for many years, been considerable differ¬ 
ences of opinion between the morphologists on the one hand and the 
statisticians on the other without any real specialisation on either 
side. But it now looks as if with the increasing specialisation of 
modem science the two branches are beginning to mark out a terri¬ 
tory which they will explore and that each will study in the manner 
that seems best to them. Such a division of labour is likely to prove 
fruitful to both Recent papers suggest that at the moment special 
interest is being focussed on primitive man, both by the morphol¬ 
ogists and the statisticians, on the anatomy and physiology of the 
soft parts as opposed to the skeleton by the morphologists, while the 
biometricians are setting their house in order by attempting to get 
uniformity of technique and by exploring methods of measurement 
which are either new, or have so far been neglected. 

Among the studies on primitive man the most outstanding is the 
late Dr. Black’s Croonian lecture which appears in Phil, Trans, ^ B, 
223, and incorporates additional material since the lecture was 
delivered. Dr. Black, whose paper is entitled The Discovery^ Mor¬ 
phology and Emironment of Sinanthropus Pekinensis, gives us what 
must he, alas, owing to his premature death, his last pronouncement 
on his great discoveries. The paper is of special importance since 
it not only summarises previous publications but also includes a great 
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deal of new material. Those features which had previously been 
discussed in detail are only briefly referred to. Although Sin- 
anthropiis occurs irregularly throughout the whole cave deposit in 
special association with a cultural ashy layer, up to the present, 
except in one locality, no skeletal material has been found in un¬ 
doubted association with the fossihferous deposits ; there is, however, 
no doubt as to the lower pleistocene date. The length of occupation 
is an interesting and important point, both archseologically and 
morphologically Judged by the occupational layers JDr. Black 
concludes that the essential cultural characters of Sinanthropus 
suffered no change during a period at least three tunes as long as 
was required in a cave near Santander in Spain to evolve from an 
early form of Moustenan to Azilian, practically the whole of the 
Middle and Upfier Palfieolitluc and part of the Epipaleeolithic cul¬ 
tures. Dr. Black suggests a modified classification for the artifacts, 
but the important part of his paper is its discussion of the mor¬ 
phology. Previously he had dealt in detail with the endocranial 
cast and this subject is now^ treated briefly. The morphological 
problems hovever raised by the teeth, jaws and braincase are of 
extraordinary interest and importance in the study of the human 
race. It will be recalled that a good many years ago Sir Arthur 
Keith proposed the term taurodani for the jieculiar form of teeth 
found in Neandertal man. In this form the pulp cavity is 
enormously enlarged in the molar teeth and extends downwards, 
the teeth having the shape, more or less, of a double cube. The 
condition in modern man Sir Arthur termed cy^iodoni , here the pulp 
cavity is small and the roots of the molars separated, but even where 
they are fused, a not uncommon condition, the pulp cavity still 
remains small. Black proposes the new term megaphanic for the 
large cavity tyjie, and microphanic for the type found in modern man 
and in the anthropoids. He believes that the taurodontism of the 
Neandertalers is a development of the condition found in Sin¬ 
anthropus, while the type of cynodontism in modern man is a special 
microphanic condition in the opposite direction, and indeed a form 
of dental degeneration. It will be of great importance if this can 
be proved as Neandertal man's teeth have always been a difficult 
problem. Black also suggests that in other ways Neandertal and 
modem man represent divergent lines of evolution from a generalised 
stock represented by Sinanthropus. By using dioptograph tracings, 
which were not previously available, the lateral view suggests to liim 
on the basis mainly of height the following order, a juvenile Gorilla, 
Sinanthropus, Rhodesian man, a Chapelle-aux-Saints (a typical 
Neandertaler), and the modern “ North China " type, but when 
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tracings in the plane at right angles to the last are taken, t.e. the 
transverse plane of the skull, he gets the following order, Neandertal, 
Rhodesian, North China, Sinanihropus and Gorilla, and deduces 
from this and other evidence that Neandertal man is specialised, 
while Sinanthropus is a stage advanced from the anthropoids in a 
progressive direction. 

In regard to the jaw, Sinanthropus, both juvenile and adult, is in 
Black’s opmion unexpectedly “ neanthropic,” that is like modem 
man, but the chin, which is only represented in the young condition, 
is very archaic and recalls the anthropoids, while certain parts of the 
horizontal ramus - that is, the part of the jaw which runs from the 
chin to the angle—recalls the Mauer jaw. There are as yet no re¬ 
mains of the lower limb, but what little there is of the upper limb is 
singularly human in shape Further, as Black’s previous publica¬ 
tions have been at pains to show, it is suggested that probably 
Sinanthropus was right-handed and had evolved a “ nervous 
mechanism for the elaboration of articulate speech.” This is the 
human side, but relationship to the Ape man of Java, Pithecan¬ 
thropus erecfus, is not less interesting. Black believes that the upper 
teeth of Pithecanthropus are as different from those of Sinanthropus 
as those of Neandertal are from modem man and suggests that on 
the basis of general morphology it may be concluded that Pithecan¬ 
thropus represents a specialised conservative form, while Sin¬ 
anthropus is a generalised progressive Finally Black, after re¬ 
capitulating the general morjihology of Sinanthropus, emphasises his 
truly human status and suggests that he was fully capable, in view of 
his mental and physical development, of being the sole artificer of 
the cultural debris associated with his remains With regard to the 
generic status of Sinanthropus Black says that the generic name was 
simply created to be a useful tool. Further hght on the very 
interesting problem of the mental development of early man is 
provided by a paper by Dr. Joseph Shellshear in the same volume 
of Philosophical Transactions in which the primitive features of the 
human brain are discussed in special relation to a brain of a bush- 
woman, which Marshall had described many years ago. The special 
importance of this paper is the comparison with early hominid types, 
Pithecanthropus, Sinanthropus and Eoanthropus, 

Although Dr. Black’s dioptograph tracings were not published 
earlier they were communicated to Professor W. J. SoUas for the 
valuable paper on ” The Sagittal Section of the Human Skull ” 
(Joum, Royal Anthropological Institute, LXIII, 389). The Professor 
suggests that the difficulty in dealing with sections is the proper 
method of superposition. In order to avoid this difficulty he places 
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the tracings on a card which is out to the shape of the tracing 
and then the centre of gravity is found by the rough method of 
swinging the card. He then draws radii to the periphery and 
subsequently takes a series of angular measurements by taking a 
point on the major axis of the foramen magnum. His paper covers 
a wide field and shows the angles obtained on anthropoids, Nean- 
dertal man and various types of modern man when studied by this 
method. 

The anthropology of the soft parts of the human frame is dis¬ 
cussed in an important paper by Dr. L6on Pales (L’ArUhropologie, 
XLIV, 1934, 46). Dr. Pales had considerable opportunities for study 
of the Congolese Negro when workmg on the railway at Brazzaville 
in French Equatorial Africa. His paper represents a special study ; 
after measuring stature, weight and chest breadth—standard 
measurements—he then took observations on muscular strength and 
made a study of special muscles among his subjects, and made other 
morphological observations In addition, he took blood pressures 
and considered the general question of the racial pathology of the 
district. At present work of this type has only been comparatively 
infrequently undertaken and the accumulation of material especially 
of scope represents real progress in this interesting but as yet very 
little explored branch of anthropology. Blood grouping continues 
to interest a number of researchers Dr. D J Burning has a long 
paper (L'Anthropologie, XLIV, 1934, 77 and 316) on blood groups 
in the Dutch Indies There is considerable variation in this region 
in the bodily form of the people and Dr. Burning concludes that 
though there is a certain amount of correlation between the blood 
groups and racial form yet the association is by no means invariable. 

The form of the face has been for a very long time a character 
which the layman as opposed to the anthropologist has probably 
thought to be one of the most important criteria in diagnosing racial 
differences. Unfortunately, however, the ordmary physical measure¬ 
ments which have been taken for a number of years fail to disclose 
these differences satisfactorily. This difficult problem has been 
carefully and elaborately studied by Drs. Morant and Woo in 
Biomeirika, XXVI, 1934. They advocate the use of two additional 
indices to those which are usually taken by anthropologists, the 
ShineU and the Simotic. Avoiding technicalities these two indices 
may be described briefly as representing the shape of the nose on a 
skull in horizontal section at the most prominent point and at the 
root. The Rhinal index is the percentage ratio of the subtense from 
the tip of the nasal bones, called by most anthropologists the Rhinion, 
to the chord of the mid-orbital bresMlth. The Simotic index is 
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calculated in a similar manner but in this case the point at which the 
two measurements are taken is what the authors term the 8imotie 
Chord, which is the minimum horizontal breadth of the two nasal 
bones taken from points on the nasomaxillary suture. The other 
measurement represents the subtense of the ridge of the nose from 
this chord. Both these indices are, then, ratios of nasal flattening, 
one at the root of the nose and the other corresponding to points 
approximately half-way* down on the living subject. It will be 
common knowledge that a European, a Chinese and a Negro appear 
to differ very considerably if this part of their facial anatomy is 
superficially examined, but on the whole there is a general resem¬ 
blance in this respect between all Europeans and similarly between 
all other representatives of, say, the Negro stem. It is exactly this 
conclusion which the elaborate measurements of this paper show to 
be true. The authors consider that the characters are practically 
constant for any groups belonging to a single major race, but when 
comparison is made between the major divisions of mankind they 
appear to be excellent criteria, comparable to skm colour, the nasal 
index, and the various measurements of prognathism, indeed they 
are better than some of these suggested criteria, for some who are 
undoubtedly black are certainly not Ethiops and the nasal index 
among the aborigines of America varies from the narrowest to not far 
short of the very wide among mankind. The disadvantage of the 
index is that it needs special instruments and a somewhat elaborate 
technique to use. A more orthodox series of measurements is found 
in a paper by J. Szombathy in the current number of the Journal of 
AnthropologtcM Society of Vienna on Bronze Age skeletal material 
&om lower Austria. The paper is of special interest to us in England 
as it appears to throw some light on the problem of the racial history 
of this country. The author himself is naturally content to deal 
with his own problem and to give an account of the measurements 
and morphology of the material before him, but it so happens that 
though the measurements do appear in fact to differ in many ways 
from any series in our country, more especially in the great height 
of the cranial vault, it would seem, from an examination of the figures, 
that they differ very much from the Bronze Age peoples of these 
islands, but on the other hand probably show affinities with later 
comers. It is not possible to speak definitely till proper comparisons 
have been made, but the collection of such early material and its 
publication in a clear form is valuable and instructive. 

The biological problems concerned with the density of popula¬ 
tions have recently been attracting considerable interest, especially 
among zoologists. Among mankind the study has for the most part 
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very naturally been focussed on civilised man where accurate data 
are available. Anthropologists are, however, beginning to consider 
the problem presented by primitive man, and Dr. A. L. Kroeber in 
The American Anthropologist, 1934, p. 24, discusses at some length 
the aboriginal population of America previous to 1492. He puts the 
figure at 8,400,000, but admits that there is a wide margin of error 
and suggests that in general terms it may be said to be between 
seven and ten millions. 



-NOTES 


Compositio Mathematica, Volume I, Fasciculus I (E. M. W.) 

All mathematicians will welcome thin new*^ international 
periodical, edited by Messrs. Bieberbach, Brouwer, de Bonder, 
Julia and Wilson, assisted by a large committee of well-known 
mathematicians. The names of the editors, the advisory com¬ 
mittee and the contributors arc a sufficient guarantee of the high 
quality and the interest of the articles published We may indicate 
the wide range of the subject matter by quoting the titles of some 
of the papers :—Paul I^wy, “ Sur la convergence absolue des series 
de Fourier ” ; J. G. van der Corput, “ Zur Methode der stationaren 
Phase ’’ ; G. N. Watson, “ Generating functions of class-numbers ’’; 
J. von Neumann, “ Zum Haarschen Mass in topologischen Grup- 
pen ’’; T. Levi-Civita, “ Terne di congruenze sopra una superficie 
ed est^nsione della trigonometria ; A Kliintchine, “ Eine Ver- 
scharfung des Poincareschen ‘ Wiedorkehrsatzes ’ ; and many 

others. The printing and presentation generally of this volume 
of 192 pages are excellent; it is published by P. Noordhoff of 
Groningen. 

Magnetic Materials at Radio Frequencies (N. L. Y.-F.) 

Laminated iron cores have long been used for the construction 
of inductances and transformers at commercial A C. and audio 
frequencies, but it is only recently that materials having a perme¬ 
ability appreciably greater than that of air and capable of being 
used at radio frequencies have been produced. These materials 
consist of finely divided particles of iron or magnetic alloy dispersed 
throughout some insulating medium. Our present knowledge of 
the behaviour of such compositions, which is still rather meagre, is 
surveyed in a recent publication ^ of the Radio Research Board. 

The impossibility of using the ordinary type of core at high 
frequencies is due to the magnitude of the eddy-currents. Apart 

1 Magnetic Maieriala at Radio Frequencies : A Critical Survey of Present 
Knowledge. By F. M. Colebrook. Radio Resoaroh Board Special Report 
No. 14. H.M. Stationery Office. 6d. net. 

822 



NOTES 


323 


from the direct loss of energy due to these currents, their presence 
changes the distribution of the magnetic flux, which decreases the 
apparent permeability of the material and increases the hysteresis 
loss. The speciflc behaviour of magnetic substances at such 
frequencies is thus difflcult to investigate, but it appears to be 
established experimentally that when due allowance has been mawle 
for such effects of the eddy-currents the actual initial permeability 
of iron and ferromagnetic alloys is independent of frequency 
at least up to the highest practical radio frequencies. The initial 
slope of the /i-H curve, however, seems to be less at the higher 
frequencies. There is some evidence that the true hysteresis loss 
per cycle increases with frequency, but its value at radio frequencies 
is unknown. 

For a gjven shape and size of the particles there is a “ bounding 
frequency ” {Orenzfreqtienz) above which the effect of eddy-currents 
is important. It is desirable to make this greater than the highest 
working frequency by sufficiently diminishing the size of the parti¬ 
cles ; their apparent permeability in then equal to the actual permea¬ 
bility of the magnetic material. The effective permeabihty of the 
composition is however very much less, and depends mainly upon 
the spacing between the particles, the reductance of the gaps being 
much greater than that of the particles if the permeability of the 
latter is of the order attained with iron. 

The energy losses in a core of such material can bo formally 
represented by ascribing to it a complex permeability, analogous to 
the complex dielectric constant of liquid dielectrics. This leads to 
the conception of a “ power factor ” of the material. So far, practical 
compositions have been produced having power factors of the order 
of 1 per cent associated with effective permeabilities of 4-10 and 
suitable for frequencies up to 2,000 kilocycles jier second. In¬ 
ductances woimd on cores of such material occupy less space than 
air-cored coils of the same inductance and resistance, this reduction 
in bulk being most marked in the case of screened coils. 

It is not known how far the behaviour of such material at radio 
frequencies is consistent with theory, nor is there any certain know¬ 
ledge of the constitution of the losses. There are no published 
data of the effect of such materials on wave form as a function of 
frequency and flux density. There is no evidence that the limit 
of improvement in such materials has yet been reached. 

Mammoth Ramaina (E. H.) 

The recent discovery of mammoth remains in the U.S.S.R., so 
remarkably well preserved that flesh and even the brain are in 
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perfect condition, recalls the former discoveries of such wonderful 
examples of nature’s cold storage in the north. It is about 16,000 
years since the last mammoths on earth died out on the North 
Siberian tundras, but the first find of a mammoth “ in the raw,” 
frozen in the snows and preserved just as New Zealand lamb or 
Argentine beef is preserved in the refrigerator, was found by Ides, 
a Dutch ivory collector who came across a frozen head and foot in 
Siberia in 1707, though the first complete animal was found on the 
banks of the River Lena in 1799. In 1869 Baron von Meydell 
discovered three such cold-storage specimens in north-east Siberia, 
and others since have been so perfectly preserved that dogs, foxes 
and wolves devoured their flesh with gusto. Until these mammoths 
in the flesh were discovered, it was unknown that these great ele¬ 
phants were covered with thick reddish wool and long black hair. 
The mammoth was a vegetarian too, for leaves of pine, fir and 
willow, and grass, wild thyme and seeds of poppies and buttercups 
have been found in their stomachs and sticking to their teeth. The 
famous Beresovka mammoth is mounted just as it was found in the 
snows, in Leningrad museum. Mammoth bones, tusks, and teeth 
are of course common in collections, and mammoth teeth have been 
dug up in Cheshire at Marbury and other places, and in the Derby¬ 
shire caves. What are believed to be the world’s biggest mammoth 
teeth are a pair each 16 feet 6 inches long in the Geological Museum, 
Mexico. A tooth in South Kensington Museum is 14 feet long, 
while one found the other year in the Pleistocene deposits in Texas 
showed that the mammoth suffered badly from toothache. 

The Minerals that cause Silicosis (G. W. T.) 

No stranger contact between widely separated fields of science 
has been recorded than that between petrology and pathology whieh 
has been established by the work of Dr. W. R. Jones on the minerals 
suspected of causing silicosis. His results bid fair to revolutionise 
current views as to the origin of this disease, and will doubtless, 
after the usual time lag, bring about important changes in silicosis 
legislation. The three papers in wliich this work has been published 
are : “ Silicotic Lungs : the Minerals they Contain ” {Joum. 

Hygiene, XXXIII, 1933, 307-29); “ Silicosis ” {Joum. Chem., 
Met., d) Min. 8oc., S. Africa, Sept, and Oct. 1933, pp. 3-62, reprint), 
with the full rejwrt of a valuable discussion by South African 
pathological, geological and mining experts ; “ Silicosis ” {Trane. 
Inst. Min. Met., 1934, pp. 1-42, reprint), with the full report of a 
discussion by British experts. Dr. Jones investigated the inorganic 
mineral particles found in silicotic lungs from British workmen and 
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miners, and from Witwatersrand gold miners. He found that the 
great majority of these mineral fragments consisted of fibres of 
serioite, a scaly and fibrous form of white mica, which is chemically 
a hydrated silicate of aluminium and potassium. Free silica in 
the form of quartz was also present, but in such relatively large 
particles that chemical analysis of the residues reveals free silica 
in quantities out of all proportion to its possible effect in producing 
silicosis. 

The definition of silicosis which was accepted at the International 
Congress on Silicosis (Johannesburg, August 1930) was as follows : 
“ a pathological condition of the lungs due to the inhalation of 
silicon dioxide,” and that this substance must react in the lungs 
in a chemically uncombined state, i.e. it must be present in the 
form of the mineral quartz. Dr. Jones claims that his examination 
of residues from numerous silicotic lungs under the petrological 
microscope shows that quartz cannot be the chief cause of silicosis, 
and that this equivocal honour must be conferred on sericite. He 
supports this view by considerations based on the distribution of 
the disease in relation to the nature of the rocks and minerals 
worked in mines and quarries. For example, the gold-bearing 
quartz-conglomerate of the Witwatersrand, which contains in¬ 
numerable fibres of sericite, gives rise to dust which has caused 
thousands of cases of silicosis, but the gold-bearing quartz rock of 
the Kolar goldfield (Mysore), which contains even larger quantities 
of quartz but is free from sericite, has caused no case of the disease, 
although it is worked under conditions of mining, labour, and 
medical examination which are comparable to those of the Rand. 
Many mines in which quartz is extensively drilled, but in which no 
cases of silicosis have occurred, can be cited. Again, oertain British 
factories which have crushed quartz for industrial purposes for 
many years have nevertheless been free from the disease. On 
the other hand, silicosis is rampant in some industries and ia mines 
which use and work materials containing only small percentages 
of quartz, as, for example, the cryolite factories of Denmark, and 
the Broken Hill mines (New South Wales). The rooks drilled at 
these mines contain very little quartz, but large quantities of fibrous 
minerals such as sericite and sillimonite. Dr. Jones further cites 
the contrast in respect to silicosis between the South Wales and 
Scottish coal-fields. Silicosis is frequent among the anthracite 
miners of South Wales, whereas (up to quite recent times) the disease 
had not been reported from Scottish mines. Dr. Jones ascribes the 
difference to the abundance of serioite in the altered sandstones 
of the South Wales Coal Measures, and its rarity in Scottish Carbon- 



SCIENCE PEOOBBSS 


326 

iferons sandstones. Recent work, however, hae shown that this 
contrast can no longer be maintained. Several cases of undoubted 
silicosis have unfortunately been demonstrated by Dr. J. Crocket 
in Scottish miners within recent years, and the writer has found 
abundant sericite in the sandstones, and especially in the sandy 
shales (faikes) which are drilled in the mines along with coal. 

Dr. Jones states tha^ no quartz-bearing dusts investigated by 
him are known to have given rise to silicosis except those which 
also contain an abundance of fibrous aggregates of sericite, or of 
other fibrous silicate minerals, loosely held together and easily 
freed into the atmosphere when the rock is drilled or blasted. 

Longitude Observations in Greenland and Continental Drift 
(G. W. T.) 

Wegener’s theory of drifting continents involves a westerly 
drift of Atlantic land masses such as Greenland, and there should 
be an appreciable shift of longitude at any given place if measure¬ 
ments are made over a sufficiently long period of time. A favour¬ 
able series of measurements is that which has been carried out at 
intervals during the last century on Sabine Island in East Greenland. 
The longitude of Sabine Island was first determined by Admiral 
Sabine in 1823. It was again measured in 1870 by the astronomers 
of the Oermanm Expedition, and in 1906 by a Danish expedition 
under J. P. Koch. Comparison of the positions thus obtained 
led Wegener to postulate a westerly drift of Greenland of about 
30 metres a year. 

It will be remembered that Prof. Wegener recently lost his life 
on an expedition in Greenland. The Norwegian Government, in 
an attempt to test what is perhaps crucial evidence of continental 
drift in Wegener’s sense, sent out Hans S. Jelstrup to determine 
the longitude of Sabine Island with the aid of the latest instruments, 
the most modem methods, and with the great advantage over 
previous workers in this field of being able to use electrically con¬ 
trolled chronometers and wirelessed determinations of time. The 
results of Jelstrup’s work have recently been published (“ Deter¬ 
mination astronomique & Sabine-Oya au Greenland orientale, avec 
discussion touohant une derive oontinentale possible,” Skr. om 
Smlbard og lahavet, Nr. 68, 1933, 27 pp.). 

TaUng the Oermania observations of 1870 as the most accurate 
of the older measurements, Jelstrup finds an apparent displacement 
of 616 metres to the west in the 62 years between 1870 and 1932, 
which amounts to a drift of 10 metres a year in the direction de¬ 
manded by the Wegener theory. According to Jelstrup, the older 
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observations are subject to a systematic error of at least ± 83 
metres, his own to an error of ± 22{ metres; but it is probable 
that the real error, systematic and accidental, of the older measure¬ 
ments may amount to a few hundreds of metres. Nevertheless, 
after minute examination of all iMMsible sources of error, Jelstrup 
is convinced that the positional difference obtained by him (615 
metres) is much greater than the sum of all possible errors in the 
measurements. That is to say, there is a true drift toward the 
west in the sense predicated by Wegener, but of much smaller 
amount than was supposed by him. As Wegener showed, com¬ 
parisons of the two successive pairs of observations up to Koch’s 
expedition of 1906 both give displacements toward the west; and 
the fact that Jelstrup’s new and extremely accurate measurements 
are consistent with this result is regarded as valuable evidence in 
favour of Wegener’s views. 

Makmg all allowances for sources of error in his own and the 
older measurements, Jelstrup finds that a longitudinal difference 
in the position of Sabine Island between 1870 and 1932 of 260 
metres must be ascribed to real displacement in accordance with 
the Wegener theory. This amounts to an annual drift of 13-2 
feet, or a mile in 400 years. Assuming the truth of Wegener’s 
theory, and taking the mean distance of (Ireenland from Europe 
at 2,000 miles, it has taken 800,000 years to effect the present 
separation of the two land masses This figure is in approximate 
agreement with estimates of the date of the (Jlacial Epoch, subse¬ 
quent to which Wegener places the sojiaration of Greenland from 
north-western Europe. 

Miacellanea 

The honours list published on the occasion of the King’s birthday 
included the following names well known in scientific circles. 
K.B.E.: Dr F. G. Banting, of insulin fame Knights : Mr. A. W. 
Flux, past president of the Royal Statistical Society ; Dr. C. E. 
Saunders of Canada, discoverer of Marquis, Ruby, Reward and 
Garnet Wheat; Prof. G. Elliot Smith, professor of anatomy. 
University of Ixindon, University College. C B.: Dr. R. E. 
Stradling, director of Building and Roaid Research, D.S.I.R. 
C.M.O : Prof. R. S. Troup, professor of forestry in the University 
of Oxford. C.B.E.: Dr. W. L. Balls, chief botanist, Egj^tian 
Ministry of Agriculture ; Mr. L. St. L. Pendred, editor-m-chief of 
the Engineer ; Dr. L. J. Spenoer, keeper of minerals, British Museum 
(Natural History). O.B.E.: Dr. S. G. Barker (for his research 
work on behalf of the Empire Marketing Board); Mr. A. D. Cotton, 
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keeper of the Herbarium and Library, Royal Botanic Gardens, 
Kew ; Miss E H. Ekins, principal of the Stu^ey Horticultural and 
Agricultural College for Women; Miss A. Lorrain-Smith (for her 
work in mycology and liohenology); Dr. C. Raeburn, of the Geo¬ 
logical Survey, Nigeria. 

Prof. H. L. Lebesgue, professor of mathematics in the Coll^ 
de Prance and Prof. O. Warburg of the Kaiser-Wilhelm Institut 
fiir Zellphysiologie, Berlin-Dahlem, have been elected Foreign 
Members of the Royal Society. Viscount D’Abernon has been 
elected a Fellow of the Society under the special statute which 
permits the admission of persons who “ have rendered conspicuous 
service to the cause of science ” or whose election “ would be of 
signal benefit to the Society.” 

Prof R Robinson, Waynflete Professor of Chemistry in the 
University of Oxford, has been elected Foreign Associate of the 
U S. National Academy of Sciences. 

The Albert medal of the Royal Society of Arts for 1934 has been 
awarded to Sir Frederick Gowland Hopkins, P.R.S. 

The Royal Society of Edinburgh celebrated the end of the 
hundred and fiftieth year of its foundation on July 2 when a number 
of honorary fellows wore appointed. These included Prof. H. E. 
Armstrong, Prof. J. S. Haldane, Prof. Karl Pearson, Prof. E. B. 
Poulton, Prof. Sir G. Elliot Smith and Prof. W. W. Watts. 

The gold medal of the Linnean Society has been awarded to 
Sir Sidney Harraer and the Simms gold medal of the Royal Aero¬ 
nautical Society to Prof. Sir Gilbert Walker for liis work on cloud 
formation. 

Prof. L. R. Wilberforce has announced that he will retire from 
the Lyon Jones chair of physics in the University of Liverpool 
on or before September 30, 1935. 

Mr. E. Barnard has been appointed director of food inveetigation 
in the Department of Scientific and Industrial Research and Dr. 
P. Kidd superintendent of the Low Temperature Research Station 
at Cambridge. Both these posts were held by the late Sir William 
Hardy. 
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We have noted with regret the announoemente of the death 
of the following well-known scientific workers during the past 
quarter: Harriet W. Bigelow, professor of astronomy at Smith 
College, Northampton, U.S.A ; Dr. N. L. Britton, until 1929 
director of the New York Botanical Garden; Sir Walter P. 
Buchanan-Riddell, Chairman of the University Grants Committee ; 
Prof. F. W. Burstall, emeritus professor of mechanical engineering 
in the University of Birmingham ; Prof. A. P. Chattock, P.R.S., 
of the University of Bristol; Dr. L. (k)cka 3 Tie, F.R.S., of New 
Zealand, botanist; Prof. G. C. Comstock, astronomer. University 
of Wisconsin; Mme Curie-on July 4, aged 66 years; Father 
Giuseppe Gianfranceschi, president of the Pontifical Academy of 
Sciences; Mr H. S. Hall (Hall & Knight); Mr. H. 0. Larsen, 
horticulturist; Carl 0. Lundholm, expert on explosives; Prof. 
M. S. Pembrey, F.R.S., of Guy’s Hospital Medical School, physiolo¬ 
gist ; Dr. T. G. Pinches, assyriologist; Maj.-Gen. George 0. Squier, 
K.C M G., of the U.S A., an expert on electrical communication; 
Prof B. D. Steele, F.R S. physical chemist (on April 12); 
Dr. J. P. van der Stok of Utrecht, mathematician and oceano¬ 
grapher. 

Dr. A W. Rogers has been elected president of the Royal Society 
of South Africa ; Dr. W. T. Caiman president of the Linnean Society 
of London and Prof. W. J. Dakin president of the corresponding 
Society in New South Wales ; Prof. H. L. Hawkins, professor of 
geology in the University of Reading, has been elected president of 
the South-Eastern Union of Scientific Societies. 

Sir N. Sicar replaces Sir C. V. Raman as president of the Indian 
Association for the Cultivation of Science and Dr. S. K. Mitra 
succeeds Prof. K. S. Krishnan as secretary. The new president is 
a physician and was at one time vice-chancellor of the University 
of Calcutta. 

The inaugural meeting of the Royal Society of New Zealand was 
held at Wellington on May 11. Prof. R. Speight, professor of 
geology at Canterbury College, Christchurch, being first president. 
The new society has developed out of the New Zealand Institute 
which was founded in 1867. It has forty-eight fellows. 

The International Council of Scientific Unions held its first 
triennial meeting under the new statutes in Brussels on July 8-13 
when delegates of the various unions represented on the Council 
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gave accounts of their work during the past three years. Dr. N. E. 
NSrlund of Copenhagen was elected president for the period 1984-37 
and Sir Henry Lyons general secretary. The next meeting will 
be held in London in 1937. 

At the International Congress on Theoretical Physios held at 
Khau-kov in May E T. Williams stated that certain Wilson chamber 
photographs obtained by Kunze show tracks which may be due 
to negative protons or negatrons Tolansky has pointed out 
(Nature, July 7) that the fine structure of the line spectra of atoms 
of odd atomic weight possessing even atomic charges could be 
explained by supposing that nuclear neutrons are of two t 3 rpe 8 , 
i.c. either proton + electron or negative proton + positron. 
Whether this be so or not there are now good I’easons for supposing 
that the atomic nucleus does not contain any electrons. 

Simon and Kiirti, writing to Nature (June 16) from the Clarendon 
Laboratory, Oxford, state that they have found cadmium to be a 
superconductor with a transition temperature about 0-6° K. In 
the course of their experiments they reached a temperature of 0-1° K 
by the magnetic method using 0-6 gm. of manganese ammonium 
sulphate. The cadmium was cooled by actual mixture with this 
salt. 

The Bdl System Technical Journal, April 1934, opens with a 
pa]ier by Dr. F. S Goucher dealing with the theory of the carbon 
microphone By a series of ingenious and elaborate quantitative 
experiments which involved the measurement of forces of the order 
of 1 dyne and movements of 10“'^ cm it is shown that “ the 
current is carried through regions in intimate contact, and changes 
in resistance under strain are due both to a variation in the number 
of microscopic hills which form the carbon surface and to wea 
changes at the junctions of these hills arising from their elastic 
deformation in accordance with the well-known laws of elasticity.” 
Variations of contact resistance with voltage up to 1-0 volt were 
shown to be due to Joule heating. 

In one set of experiments the force holding two carbon granules 
in contact was controlled by suspending one granule from a helical 
spring of fused quartz whUe the other was fixed to a supporting 
plate itself suspended by platinum wires which could be heated 
(and so varied in length) by an electric current. In another set 
the force between a carbon granule and a carbon plate was varied 
electrostatically using the principle of the attracted disk electro¬ 
meter while the resulting elastic deformation of the surfaces in 
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contact was measured by arranging matters so that their displace¬ 
ment altered the distance between the plates of a condenser. This 
condenser formed part of an oscillating circuit and the change in 
its capacity was determined in the usual way with a wavemeter. 
Deformations as small os 10~® cm could be measured in favourable 
circumstances. The April issue of this Journal contains also six 
papers giving details of the elaborate arrangements used by the 
American Telegraph and Telephone Co for the wire transmission of 
music and its reproduction in auditory perspective. 

In his eighth and last Anmml Report Lieut -Gen. Sir William 
Furse, director of the Imj^erial Institute, emphasises the unsatis- 
facttory financial position of the Institute. Its income from the 
“ original endowment and the “ chance letting of rooms ’’ is less 
than £10,000 a year, while £40,000~£50,000 is actually needed. It 
does not receive a regular Government grant, and has been able 
to exist these last ten years only os the result of private generosity. 
Even the Cinema, attended in 1933 by 146,000 persons, including 
scholars sent by 1,500 schools, is threatened It was maintained 
by a grant from the Empire Marketing Board, which ceased in 
September 1933, and the cost for the next six months was provided 
by a Scottish benefactor. The Institute does valuable commercial 
work and in its exhibition galleries provides a panorama of Empire 
appreciated at least by the schools, which sent nearly 3,000 organised 
parties during the year It seems rather deplorable therefore that 
the Colonial Office and the Board of Education cannot each include 
a part of the small sura required to keep the Institute free from 
the perpetual threat of bankruptcy in their annual estimates. It 
must be regarded as unfortunate that the Report itself does 
not contain a proper financial statement. Confronted with the 
Director’s statement of financial difficulty the reader naturally 
looks to see how far the payments for the numerous investigations 
earned out in the Institute laboratories on behalf of various over¬ 
seas Departments, firms and private persons meet their cost. Did 
the Secretary for the Colonies pay for the legal advice he asked in 
ooonection with mining problems in Kenya, Nyasaland, Fiji, Sierra 
Leone and elsewhere ? Could not the Intelligence Departments 
make some moderate charge for their work in connection with the 
2 ,000-odd inquiries put to them during the year ? 

The Report shows that the Institute was called upon, as usual, 
to help in solving all sorts of queer problems—the marketing of 
chilled asparagus from Southern Rh^esia, ghee from Northern 
Nigeria and goat skins from Somaliland; the commercial possi- 
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bilities of hemp rope from Mauritius, geranium oils £rom Kenya 
and resins from British Honduras ; the quality of hydnooarpus oil 
(a remedy for leprosy) from Ceylon, “ blister l^etles ” from Khar¬ 
toum and ipecacuanha root from Malaya—so that the members of 
its staff cannot complain of lack of variety in their “ routine " 
work. The Institute acts as a clearing house for information con¬ 
cerning the resources of the Empire and anyone using raw materials 
frwm a source outside can obtain details of Empire production from 
the Director—free of charge. 

The Report of the Radio Research Board for the period January 
1, 1932 to September 30, 1933 (H.M. Stationery Office, 2s. 6d. net), 
covers the period of reorganisation consequent on the amalgamation 
of the Radio Research Station at Slough and the Wireless Division 
of the National Physical Laboratory to form a new Radio Depart¬ 
ment of the Laboratory under the direction of Mr. R. A. Watson 
Watt. The personnel of the Board has been changed only by the 
retirement of Prof. C. L. Fortescue on the completion of his term 
of oflSce and the appointment of Mr. E. B. MouUin in his place. The 
Board has however decided that it is unnecessary to maintain large 
group committees to supervise specific aspects of the research pro¬ 
gramme and has substituted six very small ad hoc committees for 
the larger ones mentioned in the 1931 Report. Much of the present 
Report is of a highly specialised character scarcely to be understood 
by any but those actually engaged in the work. This is, to a large 
extent, inevitable in a subject of such scope and technicality, yet, 
after reading certain sections, e.g. the discussion of the Ionosphere 
as a Doubly Refracting Medium, it seemed that without much 
extra space the account might have been made sufficiently intelligible 
for it to be understood by the ordinary physicist. There is, indeed, 
continual reference to the 1931 Report—oven the explanation of 
the notation must be sought for there—and such reference might 
perhaps serve to elucidate much which is obscure in the 193^3 
Report. 

The staff of the Department has been heavily engaged in the 
intensive study of the ionosphere involved in the programme of the 
Second International Polar Year which ended in 1933. The com¬ 
plete analysis of the observations made during this period will take 
some time, but it is clear “ that ultra-violet light from the sun 
accounts for the normal ionisation of the two main regions of the 
ionosphere and for daily and seasonal variations in its intensity. 
At the same time there appeals to be strong evidence that ‘ ab¬ 
normal ’ variations in the ionisation of the lower region, which occur 
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maialy at night and daring magnetic storms, can probably be besf 
aooonnted for by the hypothesis that charged particles enter our 
atmosphere from outside and are carried towards the Poles by the 
action of the magnetic field of the earth.” There is an “ indication 
of a correlation coefficient as high as 0-76 between thunderstorm 
activity and the increase in ionisation in the lower layer, suggesting 
that thunder-clouds contribute to the ionisation of the ionosphere, 
either through intense ionisation currents or lightning flashes.” 

A matter of considerable interest which is discussed in the report 
is the manner in which wireless waves are reflected back to the 
earth by the ionosphere. A knowledge of the complete mechanism 
of this process is essential in arriving at the whole story of world¬ 
wide travel of radio signals. Recent addition to the knowledge 
of this subject lies in the proof, which has now been obtained, that 
when a wireless wave reaches the ionosphere it is, in general, divided 
into two parts by the action of the earth’s magnetic field and these 
two components—two waves as it were—are returned to earth 
with a rotational spin, one spinning left-handedly and the other 
right-handedly. Moreover, the two do not generally take the same 
time to travel back to earth, one being more heavily delayed than 
the other. The interference between these waves accounts for 
much of the fading on long-distance communications especially 
on short waves. 

The nature of the soil round the wireless transmitter has an 
important influence on the efficiency of the station as a source of 
radiation and in consequence measurements have been made of the 
conductivity and dielectric constants of samples of soil from various 
sites and at different frequencies. It appears that the conductivity 
of the surface soil varies from less than 10® e.s.u. for dry soil up to 
10* e.s.u. (equivalent to a resistivity of 9,000 ohm-cm.) for normal 
moisture content. The dielectric constant for very high frequencies 
appears to be about 20. 

The Bureau of Standards Journal of Research for March 1934 
contains a paper by the late Edward W. Washburn and Edgar R. 
Smith describing an examination of water from various natural 
sources vrith a view to the determination of any variations in their 
isotopic composition. The tests were made with a difierential 
pyknometer capable of measuring differences of density with a 
preoirion of one part in a million and the samples of water employed 
were, of course, freed from all non-aqueous constituents by dis¬ 
tillation and other appropriate treatment. The only natural waters 
found to have an isotopic concentration different from the normal 
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were (a) those which have been subjected to evaporaticm for many 
centuries, and (6) the sap water of a wUlow tree and water dbtainad 
by burning the dry wood. In class (a) is the water of erystallisation 
of kemite which probably represents almost the last water left after 
the complete evaporation of an inland sea ; it is denser than ordinary 
water by seven parts in a million. Ocean water, water £rom Salt 
Lake and from the Dead Sea are denser by two parts in a million, 
sap water from a young willow tree by 2-8 parts and water &om 
the dry wood by 5 4 parts per million. Among the other samples 
tested and foimd to be normal were water from cow’s milk and 
from slaughter-house blood. Lewis and Luten found the density 
of H*0 at 26° C. to be 1-1066 times that of H,0 but Taylor and 
Selwood {J. Amer. Chem. Soc.) obtained a somewhat higher value, 
1-1079. Lewis and Hanson have determined the triple point of HJ. 
The temperature is 18-66° K and the pressure 45-40 cm. 

The March issue of the Journal contains also a paper by J. L. 
Thomas on the reproducibility of the ice point in which it is con¬ 
cluded that with great care this temperature can be reproduced 
to within 0-0003° C. or even to 0-0001° C. if corrections are applied 
for variations in barometric pressure. This latter figure gives also 
the uncertainty in the triple point. It may be noted that air- 
saturated ico melts at a temperature 0-0023° C. below that of air- 
free ice and that the triple point is 0 0074° C. above the melting 
point of air-free ice at standard pressure. 

The April number contains two papers which may be mentioned 
here. The first by Ralph E. Gould deals with the comparative 
performance of watches with elinvar and steel hairsprings and 
shows that the temperature-rate errors and the effects of magnetism 
are much less in the former case. This work is published separately 
as Research Paper, R P 670, and can be obtained for five cents from 
the Superintendent of Documents, Government Printing Office, 
Washington, D.C. It includes two plates which will interest teachers 
of physics. One shows the construction of the balance wheels and 
the other the distribution of iron filings round the balance wheek 
and hairsprings after they have been placed in a magnetic field. 
They would make excellent lantern slides. The other paper by 
Van Dusen and Shelton describes a simple guard ring method for 
the comparison of the thermal conductivities of metals at temper¬ 
atures up to 600° C. In the May issue Roeser and Wensel describe 
their determination of the freezing-point of rhodium, using the 
method previously employed for platinum and iridium. With 
rhodium, however, it is necessary to use a vacuum furnace because 
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the metal “ when melted in air absorbs gas which, during fizzing, 
is released rather violently with the formation of ‘ sprouts.’ ” 
Their final result was 1,966° ± 3° C. Burgess in 1918 found the 
freezing point to be 1,974° C., Henning and Heuse (1924) obtained 
1,968° C. and Swanger (1929) 1,984° C. The rhodium employed 
was purified by Wichers at the Bureau and probably contained less 
than O'Ol per cent of metallic impurities. Its resistivity at 0° C- 
was 4*3 microhm-cm. and the temperature coefiicient of resistance 
between 0° C. and 100° C. 0 00457 per deg. C. 

Modem trawling is too often needlessly destructive of fish life. 
In addition to fish of economic size, large quantities of small fish of 
little or no commercial value are taken. Many of these are thrown 
overboard again, but few of them survive ; they represent there¬ 
fore, a useless depletion of the available stocks of fish. Moreover, 
the quantities of small fish which are put on the market fetch very low 
prices, and tend to depress the values of the remainder of the catch. 

The ideal fishing net would allow all these unwanted small fish 
to escape, while retaining those of commercial value. TJnfortimately 
the ideal is not attainable, but a step towards it was made in the 
United Kingdom in July last by the issue of an Order under the 
Sea Fishing Industry Act, 1933, proliibiting the use of a mesh of 
less than inches from knot to knot in the cod-end of trawls used 
for deep-sea fishing. This has the effect of allowing some of the 
undersized round fish to escape. With a view to testing the practi¬ 
cability of a still larger mesh, a series of experiments has been 
carried out by the Ministry of Agriculture and Fisheries with the 
assistance of Messrs. G R. Purdy Trawlers Limited. The method 
employed was to fish two sister ships fitted with trawls identical 
except for the cod-end, one “ normal ” with 24 rows of knots per 
yard when in use (the statutory minimum), and one with a larger 
meah of 21 rows per yard. Trawling and the sale of the catches 
were carried out under conditions as far as possible identical. 

The results showed that, as anticipated, the larger mesh released 
more small fish, and also retained substantially smaller quantities 
of useless material (weeds, stones, etc.). A more interesting and 
important result of the experiment, however, was that this saving 
of small fish was accompanied by a slightly larger gross value of 
catch for the larger mesh (£1,276 against £1,265) and a slightly 
larger value of catch per ten hours’ fishing (£20 3s. lOd. against 
£19 12«. 9d.). In the case of haddock, for instance, whereas fewer 
fish up to about 11) inches long were retained by the larger mesh, 
above that size the position was reversed. 
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MORPHOGENETIC FIELDS. By C. H Waddinotow, M.A.. 
Strangowayg Rescwirch Labomtory, and Sub-dopartraent of Experi¬ 
mental Zoology, Cambridge. Being a review of The Elemente of 
Experimental Embryology, by J. S. Huxley and G. R. i>k Bkbiu 
[Pp, XIV -f 614, with 221 figures.] (Cambridge; at the University 
Press, 1034. 25s. net.) 

As physiology and biochemistry grow more and more successful in 
discovering the mechanisms involved in animal functions, so does the 
problem of form increase in importance for biology as a whole. For 
nearly all the processes which have been discovered can only take 
place in a mechanism with a structure. The transport of oxygen 
by the blood depends not only on the chemical properties of hsemo- 
globin, but also on the lungs, diaphragm, heart, blood-vessels, 
sympathetic nervous system, adrenal bodies, etc. The obvious 
question arises, how did this complicated mechanism come to be 
there ? It is not sufficient merely to say that the body prob¬ 
ably functions like a physicochemical machine without giving some 
account of its origin ; all the comparable machines we know of are 
man-made. 

The study of this question of morphogenesis, or the development 
of structural form, is the province of experimental embryology. 
Huxley and de Beer have recently performed the very great service 
of collecting and systematising the enormous mass of facts which 
have been discovered. It is actually the systematisation which they 
have attempted which makes their book peculiarly important. 
Most of the facts, except the very newest, were collected a few years 
ago by Schleip in his Determination von der PrimiiiverUwicHungy but 
that book is avowedly an encyolopfledia, with no general theoretical 
outlook. The only book of comparable size in English is Morgan’s 
Experimental End^yology, which again failed to marshall the facts 
into any semblance of a coherent story, missing the general import¬ 
ance of some of the recent work from this point of view. 

The theoretical basis of Huxley and de Beer’s exposition is 
derived from a union of two recent lines of work : on the one hand, 
the strictly embryological researches of Spemaim and his school, 
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which have issued in the theory of the organiser, and on the other, 
work on regeneration leading to the cognate ideas of axial gradients 
(Child) and morphogenetic fields (Weiss). Huxley and de Beer 
associate these notions in the concept of gradient-fields, and show 
how widely such a concept can be applied. From the facts which are 
already known, they have been able to deduce a series of laws of field 
action which hold in the most diverse organisms (Chaps. 8 and 9). 

Such synthetic theoretical work is of the greatest importance for 
the progress of experimental study of morphogenesis at the present 
day, and the labours of Huxley and de Bwr, if only for their com¬ 
prehensiveness, mark a considerable advance on anything which lias 
existed l)efore. But unfortunately their conceptual scheme does not 
seem to have been as fully worked out as has its appUoation to the 
facts We could have spared some of the experimental details 
if room could have been found for a more thorough and precise 
discussion of the meanings of the words used. The authors have 
used the field concept with such success that it is assured of a place 
in the present-day theoretical scheme, but they have not made it 
quite clear just what they mean by the word “ field.” It is well 
wf>rth while inquiring what meanings have been, or can be, attached 
to this word in embryological theory, and attempting to decide which 
meaning can be most usefully adopted. 

One ambiguity in Huxley and de Beer’s use of “ field ” is obvious 
after a very cursory reading. In some contexts the field is thought 
of as actually aflfecting or limiting the differentiation of tissues within 
it; in others it merely means a place where something is happening 
and only implies location. The second use seems to be uimecessary 
and confusing, but it is common tliroughout the book, particularly in 
the first half. Thus one of the two references to Field in the Index 
refers to the following passage (p. 221); “ The determination and 
localisation of organ-rudiments is revealed sooner or later by the 
presence of chemo-differentiated material or morphogenetic sub¬ 
stances in certain places which constitute what may be called fields, 
or areas of differentiation of organs.” A sentence later there is a 
discussion of the ‘‘ presumptive fore-limb area, or field.” It would 
lead to a great increase in clarity if the word field was abandoned in 
this connection, and such a word as area, or region, used to mean 
location without implying any formative agency. There is, as a 
matter of fact, great need for some careful thinking on the various 
possible sorts of region which must be considered. In respect of any 
given organ, there are for instance, the region from wliich it normally 
develops (presumptive region); the region from which it will develop 
if the presumptive region and surrounding tissue is extirpated; the 
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region isolated parts of which will develop into the organ; the region 
from which the organ can be formed in response to a specific, or a 
non-specific stimulus, and so on. It would have been a considerable 
advantage, if the authors, before attempting their comparative 
work, had fashioned a suitable vocabulary for all these different 
entities. 

It IS also necessary ta discuss, if only in a preliminary way, how 
the word field can be used to denote an agent affecting differentia¬ 
tion. The idea of morphogenetic fields has been extensively dis¬ 
cussed by Gurwitsch and we may begin by considering a simple 
example to which he (1921) has drawn attention The mushroom 
develops into a hat-like plant with a fairly definite shape, subject 
of course to the slight variation around the normal which is found 
in all biological shapes Internally the mushroom consists of a 
felted mass of hyphal threads, interlacing in all directions. This 
apparently homogeneous mternal structure gives no hint as to the 
reasons for the external shape. Gurwitsch suggested that we can 
account for this shape by sujiposing that there is a “ morphogenetic 
field ” which causes the mass of threads to form a hat-shaped body. 
But this hyfiothesis as it stands is merely a description of what we 
see ; and it can only be justified by showing that it is a useful method 
of description. 

Anikin (1929) has described in greater detail a case where the 
concept of a field provides a useful descriptive method He studied 
the shapes of the nuclei in transverse sections of the cartilage of 
developing amphibian limbs, and found that near the centre of the 
mass of cartilage the nuclei are circular in outline, while farther 
away from the centre they become oval and finally kidney-shaped 
or bean-shaped. He was able to discover a mathematical expression 
for these changes of shape, such that it is possible to calculate the 
shape of a nucleus if its distance from the centre is known. Here, 
then, we are dealing with a region, the mass of cartilage, throughout 
which a certain mathematical expression holds. We can adopt the 
usual terminology of physics, and speak of the region as a field and 
the mathematical expression as the field law. Clearly, this field and 
its field law is a convenient way of summarising the descriptions of 
all the nuclei in the mass of cartilage. 

It seems easiest to suppose that such field laws describe certain 
positions of equilibrium. We can imagine that there are inter¬ 
actions of some kind between the nuclei and their surroundings, 
perhaps there is a substance wliich affects their shape diffusing out¬ 
wards from the centre of the mass of cartilage, and the field law then 
describes the shape of a nucleus which is in equilibrium with its 
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surroundings. Such a hypothesis recognises clearly that the field 
concept is being used only descriptively. It does not suppose that 
the discovery of the field has enlightened us as to why the nuclei have 
their characteristic shapes ; the determination of these shapes is still 
ascribed to unknown interactions with the surroundings. But the 
hypothesis that the field describes an equilibrium position, does 
imply that there should be a tendency for the system to return to the 
same position if it is disturbed. 

It is well known that such tendencies exist and are manifested 
in the phenomena of regeneration. If part of a newt’s leg or arm is 
cut oflF, the wound closes, and a little cap of cells, the regeneration 
bud, appears as a swelling under the new skin This regeneration 
bud grows and develops into the missing part of the limb, which is 
thereby restored to its normal shape The process can be regarded 
as a return to a state of equilibrium. When we are dealing with the 
regeneration of an adult organ such as a newt’s limb, the equilibrium 
towards which the regeneration takes place is a stable one ; once 
the whole limb is regenerated, the change stops, except perhaps for 
growth changes. In the regeneration of embryonic organs this is not 
so, and regeneration takes place towards an equilibrium which is 
constantly changing with the development of the embryo, so that 
the regenerated organ still continues its normal development after 
becoming restored to its normal complete state. 

It is noteworthy that a given fragment of an organ may be at 
liberty to pursue a number of different paths towards its equilibrium 
condition. Dragomirov (1933) has recently described a good 
example. He showed that if small fragments of the first rudiment 
of the newt’s eye are isolated, they regulate themselves to form a 
whole eye ; that is to say, they regenerate the missing part by 
changing a part of themselves into it. Dragomirov describes several 
different sets of changes which can occur, all of them leading to the 
same end-result, the formation of a complete embryonic eyecup. 

The regeneration bud of the newt’s leg is worthy of further con¬ 
sideration, since it has been very fully investigated and is probably 
typical of a common method by which regeneration is brought about. 
(It is fully dealt with by Huxley and de Beer, where references are 
given.) The bud is at first entirely unspecific and can become a tail 
or an arm instead of a leg. If, for example, it is removed from the 
leg soon after it has appeared, and is transplanted to the stump of 
an amputated arm, it will contribute to the regeneration of the arm. 
Its equilibrium in the arm field is therefore different from that in the 
leg field. These arm and leg fields can be carried by very small 
pieces of tissue. For instance, Weiss has performed the following 
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experiment. He amputated the distal half of a leg and grafted part 
of an arm on to the wound. The wound healed up well and the 
presence of the arm, covering the cut end of the leg, prevented any 
regeneration. Then, after the wound was perfectly healed he cut 
off most of the arm section, leaving only a small disk of arm attached 
to the stump of the leg. The regeneration formed from this 



Fio. 1.—Diagram of two regeneration exporimonte of P, Weias. 

a, the right side of the liody of a newt, with fuur-fliigertxl arm and hve-flngofed leg In b both Uniha 
have been amputated and the foot tranaplanted to the atump of the anu In e the tranaplanied foot la 
amputated, leaving only a aniall disk of leg attached to the atuinp of the arm , the regeneration bud flrom 
the leg has also been transplanted to the aide of the upper arm. d ahowa the regeneration of the trana- 
planted leg to form a flve<llngered foot, and the development of the leg regeneration bud after tram- 
plantation into the arm region to a four-hngered arm. 

leg + tiny disk of arm, was an arm and not a leg ; thus the fate of 
the regeneration bud was determined by the tissue which lay im¬ 
mediately near it. Weiss also showed that the whole equilibrium is 
inherent in any part of the field. He amputated the leg and also 
removed a longitudinal half of the stump. The stump does not 
regenerate the missing longitudinal half, presumably because in the 



Fio. 2.—Regeneration by a longitudinal half of the arm in the newt (qfter Weias). 

The operation is tdiown in a, the dotted part being removed The regenerated arm is shown In b. 

adult state each longitudinal part of the limb is in equilibrium within 
itself. But the regenerate bud at the end of the stump developed 
into a distal end with a complete normal cross-section. Therefore 
the conditions determining the complete cross-section are inherent 
in the longitudinal half, and can be manifested by the “ embryonic ” 
regeneration bud. 

Paul Weiss does not use the field concept merely to describe the 
conditions of equilibrium to which a system tends to return when it 
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hae been disturbed in various ways. He invokes a morphogenetio 
field as a causative agent, determining and moulding the structures 
developing in it. He defines the morphogenetio field as follows 
(1928, p. 1669): “ Die organisierte—wenn ich mich so ausdriicken 
darf—‘ Ladung,’ welohe dem organisierten Material im Gegensatz 
zum unorganisierten, wenn auch lebenden, zukommt, wollen wir als 
sein ‘ Feld ’ bezeichnen. Es ist das nichts anderes als der Inbegriff 
von organisatorischen Wirkungen, die von einem solchen organisier¬ 
ten Material auf seine eigenen Teile und auf fremde ausgehen, 
dynamisch als Einheit aufgefasst.” (We will refer to the “ organisa¬ 
tion charge ”—if I may so express myself—which is possessed by 
organised, as opposed to unorganised but living, material, as its 
“ Field.” This is nothing other than the concept of the organising 
actions, which are exerted by such organised material on its own 
parts and on other material, considered as a dynamically potent 
entity.) I do not find this definition very clear; Weiss seems to 
equate the degree to which a piece of tissue is itself organised with its 
power to organise its surroundings. But, be that as it may, his 
discussion makes it clear that he regards the field as the actual 
causative agent involved in the determination of the regeneration 
bud to become a leg or an arm. Most other authors who have dis¬ 
cussed biological fields finally agree with Weiss in attributing an 
active formative role to such fields. For example, Bertalanfiy 
(1928, quoted in the translation by Woodger, 1933) says, discussing 
the field of a flower head which had originally been analysed by 
Gurwitsch : “ There thus exists a state in space distinguished by the 
fact that it constitutes a ‘ direction field ’ for flowers, forming them 
into paraboloid cups. . . . This field is not a physica,! field of force 
but rather a stimulus field. , . . We may assume that {e.g. in 
Matricaria) the field factor signifies an impulse proceeding from the 
depths of the plant to the flower bud and influencing cell-division 
and cell-growth.” The final sentence of this quotation occurs word 
for word (with the substitution of “ Mit Recht wird auch angenom- 
men ” for “ Man darf annehmen ” in the original German) in the 
discussion by Rudy (1931, p. 21), although Rudy had stated on 
page 20 in the same work that “ the field is always to be thought of 
as a geometrical, not as a physical concept.” Huxley and de Beer 
do not maie their attitude clear on this point. As they use the 
word ” field ” with such a wide connotation that it includes areas, 
they do not differentiate between the various more subtle shades of 
meaning. But sometimes they, too, give the impression that a field 
is able to compel tissue within it to assume a certain shape. 

Weiss refers to the determining influence of the blastopore region 
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in the amphibian gaatnila (Spemann’s organisation centre) as an 
example of a field reaction, but Huxley and de Beer, with the more 
recent work to guide them, are more cautious. Let us see whether 
this assimilation of the concepts of the organisation centre and 
morphogenetic field is useful. The main outline of the phenomena 
involved in embryonic induction by the organisation centre is well 
known ; it is shown that the type of differentiation undergone by the 
ectoderm of the gastrula depends on its position relative to the 
organisation centre, which in normal development is situated near 
the blastopore The most crucial experiment (Spemann and H. 
Mangold, 1924) involves the transplantation of the blastopore 
region of one embryo into the belly or some other region of another 
embryo. The grafted “ organiser ” is then able to induce the 
formation of a secondary embryonic axis, and particularly a neural 
plate, by the surrounding ectoderm of the host embryo Such 
induced embryos may be surprisingly complete, with head, trunk, 
tail and so on, but more usually it represents a more limited region 
of the body. If a large number of cases of induction are examined, 
it will be found that the induced axis always lies in immediate con¬ 
tact with the grafted organiser, and is clearly caused by this organiser 
alone. On the other hand, the determination of the regional 
cliaractor of an axis, that is to say, the determination whether it 
shall be a head or a trunk or a tail, is often influenced by the position 
of the axis with respect to the host embryo. For instance, if a cer¬ 
tain organiser is implanted into the anterior part of the host’s body, 
it will induce a head, but if the same organiser is implanted into the 
posterior part of the body near the tail, it will not induce a head 
but a tail. If we are going to apply the field concept, we must 
consider at least two fields, the field of the grafted organiser and the 
field of the host embryo. Moreover, there must be two more or less 
separate processes mvolved, since the host field has no effect on the 
position of the induced axis, but only on its regional character. 
The complex process of induction may be separated into two, as 
“ Evocation,” the determination that a new embryonic axis shall 
be formed ; and “ Individuation,” the determination of the regional 
character of such an axis (Needham, Waddington and Needham, 
1933). We must examine the application of the field concept to each 
of these processes separately. 

A field has necessarily a structure ; but it has recently been shown 
that the organisation centre does not lose its power to evocate when 
its structure is destroyed. Spemann (1031) first showed that 
organisers in which the crude structure was destroyed by crushing 
could still evocate; then Bautzmann, Holtficeter, Spemann and 
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Mangold (1932), and Waddington (1933) showed that even the more 
drastic treatment of boiling did not damage the efficacy of the 
evocator; and finally, Spemann, Fischer and Wehmeier (1033), 
Holtfreter (19336) and Waddington, Needham and Needham (1933) 
have all obtained active cell-free extracts of organiser-tissue. 
Evocation, in fact, seems to be due to a single chemical substance, 
which Waddington, Needham and Needham, have shown to be 
soluble in ether and probably related to the sterols. It is therefore 
unnecessary, if not impossible, to apply the field concept to the 
process of evocation. 

Much less is known about the process of individuation. Spemann 
(1931) rather hesitatingly suggested that the determination of 
regional character might be carried out by the same agents as are 
responsible for the regulation, which occurs in many animal groups, 
of a half egg to form a whole embryo. This suggestion has been 
developed in terms of the field theory by Waddington (in Wadding¬ 
ton and Schmidt. 1933). It seems that the region round an organisa¬ 
tion centre is such that if the material lying within this region is not 
too abnormally arranged, it tends to form a single embryo. Using 
the idea of Paul Weiss, we could say that this single embryo is 
moulded by the action of a field of “ morphogenetic force.” But we 
have seen that the best known active causative agent which we know 
of in embryology, the evocator, is not a field of any sort of force, but 
is a single substance. For this reason, and to avoid the necessity of 
postulating a pervasive moulding force, it is bettor to regard the 
field as a means of describing the equilibria attained through the 
mutual interaction of the contiguous pieces of material lying within 
the region under consideration, and to acknowledge that the nature 
of these interactions is still unknown. If the distribution of material 
is very irregular, the equilibrium may not be a single embryo, or 
rather, it may be impossible for that equilibrium to be attained, and 
another inherently less stable one may be substituted. Thus if a 
large induced neural plate is lying near the head of a host embryo, 
the ideal equilibrium is for it to be incorporated and built into the 
head of the host. But if it is too big, or lies too far away, it may 
develop into a head but fail to be incorporated into the host head 
(Waddington and Schmidt, 1933). We can say then, using a con¬ 
venient short locution, that the hosts “ individuation field ” has 
individuated the foreign neural plate as a head, but this is only 
justified if it is remembered that this locution really means only these 
two tilings, that the equilibrium state for a neural plate in that 
situation u to be a head, and that this equilibrium is at least partly 
determined by the position of the host embryo. 
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The oompariHon of the organisation centre with a morphogenetic 
field is therefore only justified as regards its individuating action. 
The process of evocation is due to the action of a specific chemical 
substance. This substance is indeed usually distributed in a 
diffusion field, but this diffusion field has nothing in common with a 
morphogenetic field moulding the form of the induced neural plate. 
The evocation is due to the mere fact that the evocator substance is 
present and is not dependant on the field in which the substance is 
distributed. 

If an equilibrium is disturbed by the addition or subtraction of 
material, the mutual interactions of the parts of the new system 
usually leads to an equilibrium similar to the old one. For instance, 
if part of a leg is removed, the mutual interaction of the parts of the 
stump leads to the formation of a new hmb similar to the original one. 
But this restoration of the original condition does not always occur. 
Child and his associates (summary in Child, 1929), working chiefly 
with various species of invertebrates, have shown that in many cases 
the actual equilibrium position towards which regeneration takes 
place is dependent on the nature of the system which is isolated. For 
example, in some species of Planana, transverse segments will only 
regenerate a pharynx if they contain a head, either the original head 
or a regenerated one. From facts of this kind. Child was led to 
postulate the existence of gradients along the main axes of such 
animals, such that in the example given above, a pharynx would 
only be regenerated if there were present a certain high level of the 
gradient found in the prepharyngeal region. This could be ex¬ 
pressed by saying that if the regenerating system includes the high 
level, this level can only be accommodated within an equilibrium 
of a certain type, whereas if no such high level were present, there 
could be various other equilibria, which do not include the presence 
of a pharynx. This hypothesis of Child’s has many applications and 
seems to be a valuable advance in describing the character of one of 
the commonest types of field. It states that the formal properties 
of the forces tending towards equilibrium within many fields can be 
described by the analogy of a gradient or gradients along the main 
axes of the field. 

Child has carried his theory farther and attempted to determine 
what these gradients are gradients of. This is quite a separate 
question from the question as to whether there are gradients at all. 
Child considers that they are gradients of metabolic rate or respira¬ 
tion, but recent surveys {e.g. Needham 1931) suggest that the 
evidence for this view is doubtful for adult animals and for emluyo 
almost non-existent. In any case it seems oeirtain that the equUibtia 
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which we are here discussing are not only equilibria between regions 
with diflFerent rates of respiration, though they may be so in part. 
The primary organisation centre, or rather the primary evocator, in 
the amphibian egg is one example of a morphogenetic agent which 
is not itself a rate of respiration, and it is probable that such agents 
play a large part in the interactions whose equilibria are described 
by the field laws. The agencies at work are probably numerous 
and complexly interdej)ondant Ijehmann (1933) has recently 
emphasised the complex nature of the various part-processes 
which work together in the formation of the neural plate in normal 
development in the amphibia; he claims that induction by the 
organisation centre is only one element in the whole process. 
Huxley and de Beer emphasise the same point. It is possible that 
they represent the process as even more complex than it really is; 
but Lehmann’s conception of the co-ordinate formation of a unit 
(“ koordinative Einheitsbildung,” “ das synergetische Princip ”) 
almost certainly applies to the reactions going on in the fields which 
we are considering. 

Summarising the argument of this article, it may be said that the 
field concept is most properly to be used as a method of description. 
A field is a region of space witliin which certain reactions in which we 
are interested are going on. The field concept is useful when we can 
find field laws which describe the conditions under which these 
reactions are in eqiiilibrium. The nature of the reactions is a subject 
for future investigation; but the analysis of the morphogenetic 
reaction of evocation has shown that the diffusion of specific chemical 
substances may be of great importance. We hope eventually, not 
merely to describe the stable configurations by field laws, but also 
to be able to say why those configurations are stable. 
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MATHEMATICS 

Elementary Calculus. Vol. II. By C V. Durell, M,A., and A. 
Robson, M.A. [Pp. xii H- 308. witli 02 figim'H.) (London : O. 
Boll &> Sons Ltd., 1934. Is. (ki. witli appendix, 6«. 6d. without 
apjxmdix ) 

The first volumo of this text-book containixl the matter noiKleii for “ additional 
mathernaticH ” or “ mathematics mon^ advanced ** m examinations of school 
certificate standard. Thin second volumo deals m full with work of lughor 
certificate standard and covers many of f lie siXH'ial requirements of distmction 
papers. It also contains those parts of tlu^ subject required especially by 
physics and engmoenng students. 

The explanatory matter is clear and full. Tlu»re is a large number of 
examples tliroughout the book, wlule the appendix contams further examples 
for each section. 

E. M. W. 

Principles of Geometry. Vol. V : Anal 3 rtical Principles of the 
Theory of Curves. Vol. VI: Theory of Algebraic Surfaces 
and Higher Lioci. By H. F. Baker, Sc.D., LL.D., F R.S. [Pp. 
X 4* 247 and x -f 308.] (Cambridge . at the University Press, 1933. 
15s. and 11 s. 6d. net.) 

Thebe are the concluding volumes of Prof. Baker’s imjxirtont work on the 
principles of geometry. Those two volumes leoii up to, but do not attack, the 
modem mvariantive theory of surfaces and algebraic loci m general. They 
provide a ust'ful introduction to this theory and contain an occoimt of the 
fundamental notions which are neiHlfHl for an understanding of the subject. 
The compiling of the whole six volumes must have involved on enormous 
amoimt of work and mathematicians owe a debt of gratitude to the author for 
this valuable contribution to the expository literature of the subjenit. 

Vol. V contains an account of the euialytic principles of the theory of 
curves, of the rational fimotions belonging thereto and of the methods of lo<ips 
and of Riomann surfaces used to find integrals of these functions. In the 
Bucooeding volume is a discussion of the theory of correspondence and the 
theory of surfaces m general. 

E. M. W. 

Statics, A Text-book for the use of the Higher Divisions m Schools and for 
First-Year Students at the Universities. By A. S. Ramsey, M.A., 
President of Magdalene College, Cambridge. [Pp. xi -f 296.] (Com- 
bndge $ at the University Press, 1934. 10s. 6d. net.) 

In the early chapters of this book the author sets out to present the subject in 
08 simple a way as possible, and with very detailed explanations. In this 
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essay he hae undoubtedly been sucoessfuL The first six chaptoi«» dealing with 
forces in one plane, and leading to the solution of problems on smooth uni- 
plcmar statics, contain an admirably clear and detailed exposition of this part 
of the subject, and while well suited to beginners, contain much that is well 
worth readmg by those who have already some knowledge of statics. In the 
chapters on Centre of Gravity and Virtual Work, however, two branches 
which are generally considered to come withm the scojk^ of “ elementary ** 
statics, a degree of familiarity with the methods of the calculus is assumed 
which, I am afraid, is rarely found in students imtil well after the Intermediate 
stage. Thus, while m these sections the book may be too advanced for the 
individual study of such students, it may, if taken as a guide by teachers, 
load to the introduction of the calculus at an carher stage than usual: 
a result which would be to the great advantage of both student and 
teacher. 

The later chapters, dealing with Stability, the Equilibrium of Chains and 
Strings, Elasticity, and Forces m Three Dimensions, are suitable for more 
advanced students, and they complete a course which is quite adequate for a 
general or pass degree. 

The examples which are worked out in the l>ook are many and they are 
very well chosen to illustrate and explain the mecheuucal principles involved 
without introducing on excess of algebra or geometry, while nearly 6(X) 
examples are given for solution. 

The book should prove of great value botli to students and to teachers of 
applied mathematics. 

H. T. J. 


Introduciioxi to General Topology. By W. Sxbrpikhki. Translated 
by C. C. Kbibger. [Pp. x -f 238.] (Toronto : The University of 
Toronto Press ; L»ondon : Humphrey Milford, 1934. 17s. net.) 

This is a translation from the Polish of the second volume of Professor 
Sierpinski’s Theory of Aggregaiea. The first volume on Transfinite Numbers 
has been translated by the author into French and published in the Borel 
senes under the title Lemons mr Us nombres transfints, Tlie translator has 
added to the present volume an appendix providing a brief and very interest¬ 
ing summary of the first volume. This appendix contains on excellent 
account of the theory of transfinite numbers. 

Prof. Sierpinski’s achievements m the field of the theory of sets ore well 
known and it is good to have this work of his available in English. “ The 
theorems of any geometry follow, as is well known, from a series of axioms, 
i.e. hypotheses about the space considered, and from accepted definitions.** 
In this book axioms are mtroduced gradually and in each of the seven 
chapters those theorems are proved which can be deduced from the axioms of 
that and precedmg chapters. In the first chapter is considered an abstract 
space, which is a set K of any elements, and the only assumption made is 
that certam parts of the space considered are called open seta, and that open 
sets have certam simple properties. From these suppositions and the 
corresponding definitions a series of conclusions is deduced. In eeMih of the 
followmg chapters new axioms are added and a new series of theorems 
deduced* 


E. M. W. 
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ContinuouM Groups of Transformations. By L. P. Eisekhaet. [Pp. 
ix 4- 801.] (Princeton : Princeton University Press ; London : 
Humphrey Milford, 1033. 10a. 6d. not.) 

There are very few books on continuous groups, although the subject is 
most attractive in itself and of increasing importance to specialists in other 
branches of mathematics. Here wo have a full account of the basic ideas 
of the subject written by an expert. 

The book opens with three preliminary sections on the fundamental 
existence theorems. The remainder of the first chapter considers a set of 
transformations satisfying the usual axioms as a group and discusses groups 
depending on a finite number of parameters. The first three chapters contam 
in the mam the results duo to Lie and his contemporaries. Chapter IV is 
devotc^d to the theory of the adjoint group and of semi-simple groups, mainly 
due to Cartan, Weyl and Schouter. In the fiftli chapter we find the geo¬ 
metrical applications of the theory and, in particular, the concepts of the 
new differential geometry. Contact transformations and their applications 
to geometry and mechamics are discussed in the final chapter. 

E. M. W. 

Mathamatical Facta and Formulas. By A. S. Percival, M.A., 
Trinity College, Cambridge. [Pp, v -f 126, with 6 figures.] (Lon¬ 
don : Blackio <k Son Ltd., 1933, 4a. fid. net.) 

This book is described as a ** manual for laboratory workers ” and it does 
indeed contain much of the mathematical material required by the chemist or 
physicist whosf^ mam interest is m experiment and whose mathematics, once 
well known, has become somewhat stiff from infrequent use. The title is a 
httlo misleading in that the book is not rostnetod to lists of formulae but gives 
also simple proofs. 

Briefly the contents are (i) algebraic fonnuUe inoludmg cubic and quartio 
equations, (ii) analytical geometry (very brief), (iii) circular anti hyperbohe 
functions, (iv) finite differences and observational equations, (v) differentia¬ 
tion and integration, (vi) differential equations (mcluding simple partial 
equations). Among the tables is one giving log r(p) fromp»> 1*000 top— 1 *909. 

There is no index and, what is more important, no chapter devoted speci¬ 
fically to complex quantities and formula} dependent thereon. 

D. O. W. 

PHYSICS 

Experimental Elasticity : a Manual for the Laboratory. By G. F. C. 

Seablb, Sc.D., F.R.S. Second edition. (Pp. xvi + 189, with fi3 
figures.] (Cambridge : at the University Press, 1933. 7a. fid. not.) 

This book has established itself so firmly in the physical laboratory since 
it first appeared m 1908 that to praise it now or even to describe its contents 
would be ridiculous. There is, however, one important addition, namely 
a Note giving the usual simple theory of the infinitesimal unifomi bending 
of a uniform beam. The treatment in Chapter II, which apphes to a small 
but finite bending, has always proved puzzling to the beginner who inevitably 
failed to see why “ Searle’s method ’* was so much more difficult than that 
wliioh he found elsewhere. The oliange adds thrtH? pages just before the 
index, otherwise the pagination is unaltered. 


D. O. W. 
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I&troductioii to Theoretical Ph 3 raioe. By John C. Slatkb, Ph.D., 
and Nathaniix H. Fkank, Sc,D. International Seriee in Physioa, 
[Pp. XX -f 576, with 83 figures.] (New York and London: McQraw 
HiU Book Co. Inc., 1933. 30tf. net.) 

This book is a recent addition to the International Senes in Physics, with 
which the Enghsh reader is familiar on account of its important works on 
Atomic Physics. These liave taken a prominent position on our bookshelves 
as being amongst the most complete and authoritative accounts of modem 
theones. The volume which wo have now to review is not wholly concemtxl 
with recent developments; more than one-half ih wntten ujion classical 
theories. 

The authors tell us in the preface something of the history of the develop¬ 
ment of the volume and one sees, perhaps with a httle envy, that, on the 
other side of the Atlantic, a te^wher may break away from conventional 
methods of presentmg his subject. Evidently the dictatorships of Boards 
of Exommors are not taken too seriously over there—^not at any rate by 
our autliora. 

Tfie division of Physics into Heat and Light and other sections is here 
disregarded. The aim of the book is to demonstrate the unity of the 
Bubjtxjt by applymg the same principles in the different branches. The 
unity 18 traced through the mathematical form of the notation. Tins method 
of teaching shows very well the place of Mathematics m Physics. To quote 
a famous writer ; “ Mathematics is the libranim whoso duty it is to collect 
the works, to place them in their proper places and to show what gaps remain 
upon the shelves.” 

To come to some detail of the book; one sees that there is a tendency 
towards modem developments and the subject matter is treated m such 
a way as to take the student easily into the Quantum theory. Thus the 
relevant branches of Mechanics are brought to the front and classical wave 
problems are treated m considerable detail. 

The subjwtft studied m the classical port of the book are those with which 
students of a^lvancod Physics m this country are expected to be acquainted; 
but, naturally, from the method of treatment and from the size of the volume 
some parts of the conventional branches of the subject are omitted. A httle 
less than half of the volume is taken up with modem applications to 
atomic structure, to the quantum theory of a gas, to statistics, collisions and 
so on. 

In the second chapter the introduction to power senes is rather laboured. 
A simple equation for a body falhng in a viscous medium is taken and solved 
by means of a series method. The example servos well as an illustration, 
but, unfortunately, doubtless by a shp of the pen, the authors say that the 
equation cannot be solved by direct integration. Having now adequately 
illustrated the method it seems redimdant to take, in the next chapter, the 
equation of simple harmonic motion, solve it by series and recognise the 
solution as the sum of the sine and cosme series. 

But in general the treatment is clear eind the book well worth recommend¬ 
ing to studmts, while teachers will enjoy a method of presenting the subject 
which they must occasionally have wished to follow. 


H, T. F. 
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ThB Cry«tallto6 Stata. Edited by Sir W. H. Bkago, O.M., K.B.E., 
D.Sc., F.R.S., and W. L. Braog, D.Sc., F,R.8. Vol. I: A Gen¬ 
eral Survey. By W. L. Bbago. [Pp xiv -f 362, with 187 fignree, 
including 32 plates.] (London : Q. Bell & Sons Ltd., 1933. 26«. net.) 

The appearance of this book marks a stage m the development of crystal* 
lography in this coxmtry. It moans, among other things, that tho products 
of some twenty years’ research on tho part of workers in various institutions 
have become sufficiently definite, and their implications sufficiently realised, 
to enable such a general survey to be not only acceptable, but eagerly awaited. 
Those engaged in original investigations, teachers and advanced students, 
will all find m it much to satisfy their m^ls. 

To begin with, one must notice that this is the first of three volumes, but 
that, at tho same time, the intention has been to make it complete in itself; 
in fact the reader is given as detailed a view of the crystallme state as the 
size of the book permits. But much more tlian “ a little of everything ” 
is providetl, and, for tho most part, tho treatment and discussions arc remark¬ 
ably full and readable. Some little disapjiomtment may bo experienced 
tliat no mention whatever appears to mode (in Chap. VII particularly), 
of the oontnbution which infra-red studies have made, not only to crystal 
chemistry, but even to crystal structure. That they can mrve as an illumin¬ 
ating check upon standanl methods has been stressed by Schaefer, with con¬ 
siderable experimental tuid theoretical support. It is true that we may get 
all this in the last volume ; meanwhile it seems a tnflo strange to omit those 
topics now from on otherwise detailed account of the physical chemistry 
of the solid state and its relationship to structure. 

The authors’ work m unravelling tho inner nature of the sihcates is known 
to all crystallographers, who will be grateful for this clear account not only 
of this highly spcxiialisod subject, but also of its application and extension 
to become, m effect, tho foundations of a Systematic Inorganic Chemistry. 
In some ways the ideas hero described ore analogous to Kokul^’s far-reaching 
postulate of the tetravalency of carbon, and have, in like manner (m con¬ 
junction with Pauling’s conceptions) boon quite as significant for the morgomc 
world as his were for the organic. Important and interesting as technique 
in all its branches may be, it is these pages of broad generahsations and new 
vistas which will strike tho reader with admiration. In a word, they show 
what the now crystallography can accomplish for physics, for chemistry, 
for metallography—pure and apphed—and for the biological sciences. 

In another direction, the later chapters will make a diaiinot appeal: 
they deal with a number of pomts in pure physics for which studies of the 
finer details of tho crystal lattice and its properties liave proved exceedingly 
fertile. Such is “ zero-pomt-energy,” wluch now appieors as a quantitative 
concept in terms of atomic vibrations. Again, in the language of wave- 
mechanics, atoms, like electrons, cannot be said to be defimtely ” localised ” ; 
their zero-point-energy registers the probability tliat they will be found 
near their mean position. 

The book oonoludes with a number of appendices, all of which will be 
valuable for reference. Incidentedly the short summaries at the ends of 
niany of the chapters (especially tlioae concerned with analysis) are a welcome 
feature in that they provide just that modicum of condensed information 
which the non-speoialist needs to carry away with him after a first readmg. 

Perhaps it is scarcely possible to do justice to tho whole work from a 
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ocmsideration of Volume I. Those who are interested in special problems 
(and especiaUy honours students grappling with the details of interpretation) 
will look forward to finding solutions of their particular diMoulties when 
the remaining parts appear. Meanwhile, her© is a store of information, 
which should go far to add recruits to the body of workers engaged in the 
new crystallography. 

F. I. G. Rawlins. 


Practical Acouatics for the Conatructor. By C. W. Glovhb, 
A.M.In8t.C.E.. M.I,Struct.E., L.R.I.B.A. [Pp xi -f 468, with 193 
figures and illustrated Api>endix.] (London : Chapman & Hall Ltd., 
1933. 25«. net.) 

As its title implies, tlie cliief appeal of this book is to the constructor. Within 
the past few years a series of books has been published dealmg with the 
subject of architectural acoustics, some mamly from the architect’s point 
of view, with the emphasis on design, and some from the physicist’s point 
of view, treating the matter as a scientific problem. Mr. Glover’s book, 
to quote his preface, sets out to be “ a convenient vade-mecum or handbook 
for the student and the practical man interested in architectural acoustics.” 
It is difficult to be equally successful for both classes and the book will make 
most appeal to the man mterested in practical details, of whicli it contains 
a wealth hitherto unpublished. 

While the book deals with the whole range of building acoustics the 
particular method of presentation by a large number of illustrated examples 
of successful practice is of special value in the case of sound doademng, 
where the data obtamed in different laboratories are so difficult to compare 
owing to the different circumstances of their measurements, and whore the 
immediate apphcation of the imderlying prmciplos is often far from obvious. 

Of particular interest and value are the chapter on Acoustical Specifica¬ 
tions, Appendix III giving absorption coefficients over a wide range of 
frequenoioB for some seven hundi^ matenals, and Appendix IV giving 
full-size illustrations of a representative range of special acoustic materials 
obtainable in Great Britam, together with a summary of their physical 
properties and of suitable methods of application and treatment. From the 
photographs it is possible to see at once whether any given material is suitable 
for incorporation m a particular design. 

Heavy type is too freely used throughout the book for it to have its 
full value as a means of emphasis and selection, and confidence in the book 
generally is diminished by the inclusion in this type of such a careless state¬ 
ment as ” the period of reverberation vanes directly as the dimensions of 
the room ” (italics ours) and such a debatable one as ” The ideal absorbent 
has a level straight-line graph showing no selectivity.” There is a general 
absence of exercise of the critical faculty on the matter presented. If a 
careful selection of the material to be included had been made this would 
matter the less, but where the treatment is so full and the reader is presumably 
not qualified to asso .18 the comparative value of the diffierent matter presented 
to him the absence is serious. 

Fig. 83 purports to show ” a range of plan shapes which have been made 
acoustically satisfactory by appropriate treatment.” Actually it is a range 
of plan shapes, some of them acoustically atrocious, submitted in competition 
for the new League of Nations Assembly Hall at Geneva; its misdescription 
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is bound to give a oonstruotor the impression that it is quite immaterial 
what shape his plan is—^that can all be set right afterwards. 

Something seems to liave gone wrong with the iiguros quoted on p. 69. 
The reverberation times for the Queen’s Hall, using the W. C. Sabina and 
Eyring formulsB, are given as 1*70 and 0 95 seconds respectively. But, using 
the curves on page 66, it is clear that for the given average absorption 
coefficient of 0*39 the difference should be far less than this, and the rc^ader 
IS completely puzzled as to which of the formulas to choose, although the 
author has previously apparently recommended Eyring for such a case. 

There is so much in this book that is dealt with more fully and illustrated 
more lavishly than m any previous textbook on the subject that we are 
reluctant to dwell on its defects which are partly at least due to the attempt 
to cater for inoompatibles, the practical man who prmumably likes an orator 
that pounds the desk and uses graphic if crude illustrations, and the student 
who prefers to have the available material presented to him less spectacularly 
and is impresse^d by the weight of evidence more than the blackness of the 
type. 

G. A SUTHEKLAND. 

Colour Science. Part II : Colour MeaBurement and Colour 
Harmony. By WiutEUtf Ostwald, Sc.D. Authorised Translation 
by J. Scott Tavlok, M.A. (Pp. xu -f 173, with frontispiece, 2 plates 
and 18 figures.] (London : Wmsor & Newton, Ltd., 1933. 10s. 6d.) 

In this conclusive volume. Dr. Ostwald gives us in full detail the methods 
by which he amvexi at his colour standards. He begins by describing the 
instrument used for their measurement by what he calls the Polansing Colour 
Mixer. There is then an exhaustive chapter on the chemistry of pigments, 
followed by an interesting analysis of the diffi^rent binduig media. 

But perhaps the most significant passage in this book is the one (on p. 14) 
in whioh Dr. Ostwald describes the Jndtrect Process of the measurement of 
hue. He says : “ For every colour there is one cotnpUmentary colour in 
existence with which it i an be mixed to form a neutral grey.” This sentence 
is, I think, the key to Dr. Ostwald’s theory of harmony. When any two 
complementary colours are mixed, the fact that neutral grey is the result 
proves that these two colours are complementary. The value of such a 
simple process is illustrated by his assertion on page 148 that a sufficient 
variety of colour schemes can be arrived at to decorate each room of a whole 
city with its own colour soheme without ever repeating it. 

As to the vexed question of Discords, Dr. Ostwald recognises their signi¬ 
ficance but shrinks from their introduction into a picture or woven fabric 
because, he argues, unlike a discord in music, they can never be resolved 
by a subsequent harmony, colour arrangements not possessing, as musio 
does, the temporal element. But surely a picture or decoration is only fully 
appreciated when the eye takes it in as a whole so tliat any discord that the 
artist has thought fit to include m it m resolved by its own intrinsic value 
in accentuating the harmony of the whole. 

Chap. IX treats of colour as a means of representation. This opens up 
a very interesting field. Colour symbols, as a means of distinguishing differ¬ 
ences of meaning, are of course already used for many purposes, but there 
is great scope for their further development as a sultotitute for formal or 
phemetio symbolism. 


AA 
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One hopes that with such a oomplete survey of the study of colour as 
this volume and the two preceding ones give, our artists, designers and 
arohitoots will be encouraged to still greater efforts to make our world a 
more beautiful one, 

F, O. 


Modern Thermodynamics by the Methods of Willard Gibbs. 

By E. A. GtrooENHKiM, M.A. [Pp. rvi 4 200, with 10 figures.] 

(London • Methuen & Co., Ltd,, 1933. Kb. 6d. not.) 

The author of this excellent monograph must enjoy a measure of satisfaction# 
rare those days, in the knowledge that he has produced something of per¬ 
manent value. As mdioated by the title, his intention is to demonstrate 
the elegance and power of a special thormod 3 mamio technique devised by 
Willard Oibbs. Many generations of students have been exasperated by 
the barbaric methods almost invariably employed in textbooks for deriv¬ 
ing delicate thermodjmamic relationslnps. Mr. Guggenheim has swept 
all this away, the cycles, reservoirs, cylmders, pistons, and the whole box 
of tricks. In place of them wo are presented with a clear-cut application 
of the calculus which leaves little room for ambiguities or doubts concerning 
the significance of the operators. All typos of equilibria are controlled by 
the “ chemical potential,” /i, of each constituent, a term invented by Gibbs 
and characteristic of his mode of procedure. Particular pains have been 
taken to examine cntically the important equations, especially those where 
slovenly derivations have led to serious errors. 

The book has many novel and excellent features. In the first place it 
18 cheap—dirt cheap—-at ten and sixpence. A “ List of Most Important 
Symbols ” is provided for ready and convenient reference. “ Notes and 
References ” appear at the end of every chapter in which original papers 
are quoted, and contrasts drawn between the treatment herein and tliat in 
other standard texts. Apart from considerations of appearance, these 
extremely valuable comments might with advantage have been placed at 
the beginning of each section. 

The first chapter summarises concisely the inter-relationships between 
fundamental quantities, E, 8, F, G, etc., according to the 1st and 2nd Laws, 
and reasons are given for preferring certain groups of these variables to 
others as threads from which the whole fabric is to be woven. The general 
formula of Thermodynamics are then applied to “ Systems of One Com¬ 
ponent,” ” Gaseous Mixtures,” and ” Condensed Phases of Several Com¬ 
ponents.” Solutions are discussed imder three heads. Ideal, Semi-Ideal, 
and Non-Ideal, a classihcation suggested by the observed properties of salt 
solutions. Semi-ideal solutions (which mix with very slight heat effect or 
volume change, and yet are far from being ideal) are represented by “ most 
aqueous solutions of strong electrolytes below tenth molar.” The activity 
coefficients of solvent and solute are functions of composition only, indepen¬ 
dent of temperature and pressure, and for this reason the thermodynamic 
relationships are simpler than for non-ideal solutions. Bjemim’s term, the 
” osmotic coefficient ” of the solvent, is introduced and its importance clearly 
explained. The exact thermodynamic expressions for membrane equilibria 
are made the basis of a very pretty and original discussion of electromotive 
force. Galvanic cells are treated as systems of connected membranes, the 
liquid-metal and metal-metal interfaces being ” permeable ” to one only of 
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the oomponent6» ions or electrons as the case may be. The familiar Nemst 
equation is shown to arise as a consequence of the functional form of the 
chemical potentials. Other topics include the Gravitational Field, Insoluble 
Films spread upon water, and Radiation. The concluding chapter, **So« 
called Third Law and Chemical Constants,*’ seems out of place in this volume 
since the subject properly belongs to statistical mechanics and quantum 
theory; moreover, it is merely a catalogue of formulas without adequate 
explanation. It does, however, serve the useful purpose of bringing to the 
notice of chemists generally the fascinating researches of Giauque and his 
collaborators at the famous thermodynamical laboratory of the University 
of California. 

The reviewer desires most heartily to recommend this fine book to those 
interested in works of art. It is a really important contribution to scientific 
litoiature and should encourage others to follow in the way of Gibbs. 

C. H. J. 

Electricity. By John Pilley. The Clarendon Science Series. [Pp. 
xiv 4 348, with 181 figures.] (Oxford : at the Clarendon Press; 
London : Humpliroy Milford, 1933. 7s. 6d. net.) 

This book does not follow the normal textbook linos in its presentation 
of the facts and theories of electricity and magnetism, and, frankly, it is 
not hkely to recommend itself m this respect to those who desire the ac¬ 
customed treatment. For instance, the average teacher may wisely preface 
his course on electricity with an introductory talk on the electrical structure 
of matter, but it is unlikely tliat he will postpone his remarks on magnetic 
phenomena imtil he has almost reached the end of the course. However, 
few teachers will have difficulty m recommending this cleverly illustrated 
and well-printed book to students who wish to rood a pleasing account of 
electncal experiments and practical apphcations of eloctricity m which full 
advantage of modem instmments and technique is taken. The book may 
also suggest to teachers how much modem knowledge of electricity may 
fittmgly be included in an elementary course. 

L. F. B, 


83 rmmetrical Components. As applied to the analysis of unbalanced 
electrical circuits. By 0. F. Wagnkk and R. D. Evans. [Pp. 
xvi -f 438, witfi 218 figures.] (New York and London : McGraw- 
Hill Book Company, Inc., 1933. 30s. net.) 

Until the introduction in 1018 of the method of symmetrical components 
by Dr. C. L. Fortcscue, the analysis of unbalanced alternating current 
electrical circuits presented difficulties which could only be overcome in a 
comparatively few oases. Since that date, the method lias been developed 
with such outstanding success that all A.C. network problems involving 
asymmetry are soluble. Not least among those responsible for the applica¬ 
tion of this most powerful analytical tool to engineermg work are Messrs. 
0. F. Wagner and E. D. Evans, the joint authors of this book. 

The method of which the fundamental principles are explained in the 
first two chapters, depends upon the fact tliat the simultaneous presence 
of three sets of balanced voltages or currents, as represented by “ positive- 
sequence ** vectors, negative-sequence vectors, and “ zero-sequence ” 
vectors, results in a set of unbalanced voltages or currents respectively. 
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Any unbalanced voltage or cmront system can thus be built up firom the 
three fundamental sequences, each of which is in itself symmetrical. The 
currents and voltages of different sequences do not recM^t upon each other 
so that each of the three symmetneal systems can be treated separately, 
just as a balanced polyphase system can be analysed by considering the 
various quantities with regard to each phase. It is th«' fortunate fact that 
the three sequences are mdepondont that enables the method to be applied 
with such substantial succoss and simphcity. The authors have taken 
numerous examples throughout the pages of this volume and shown how 
beautifully the method works. They consider m turn the calculation of 
unbalanced faults, the constants of synchronous nuichmes with special 
reference to short*eirouit conditions, the constants of transformers, the 
constants of transmission lines, takmg first the case of lumped mductance 
and negbgible capacity and afterwards the more exact representation ein- 
plojong distributed inductance and capacity, the constants of cables, power 
system voltages and currents under fault conditions, simultiuieous faults 
at two or more pouits m a transmission system, the measui'ement of sequence 
voltages and currents, the measurement of power quantities on polyphase 
circuits, multiphase systems, induction motors and finally unsymmotneal 
systems with the application of phase balancers. A very good bibliography 
IS appended followed by a most useful summary of vanous mathematical 
relations which have been employed together with transmission and appara¬ 
tus constants frequently required. 

As far as the writer is aware, the book is tlie only one of its kind, that 
is, a treatise sp^HJially concerned with the theory and applications of the 
method of symmetrical components. It fills a definite gap in the publica¬ 
tions on A.C. circuit analysis and should have a wide appeal to electrical 
engineers generally. 

H. M. Barlow. 

The Theory of Atomic Collisions. By N. F. Mott, M.A., and 
H. S. W. Mabsby, Ph.D. The International Series of Monographs 
on Physics. fPp. xvi + 283, with 52 figures.] (Oxford ; at the 
Clarendon Press; London : Humphrey Milford, 1933. 17tf, 6d. net.) 

The mam object of this work is to give an account of the modem theory 
of collisions between electrons, nuclei, atoms and molecules, but it contains 
also much that is of general importance m Quantum Mechanics. The open¬ 
ing chapter, for example, contains a short introduction to some general 
fciatures of the wave equation and in the fourth chapter the theory of Dirac’s 
equation is introducixl. The book keeps, m general, very closely to its 
subject and is on application of the wave equation to a variety of practical 
problems. It is essentially mtendcxl for those who liave already some know¬ 
ledge of the theoretical side of the subject. Those who tend to be absorbed 
in the successes and difficulties of its more formal aspect will find m the 
problems treated the intellectual satisfaction of their solution and a guide 
to further progress in the practical side of the difficulties which arise. For 
those whose interest is m the practical aspect of collision problems the work 
may be described and recommended as a modem book of reference in this 
subject. 

One must sympathise with the authors in tliat in the present state of 
the subject with which they are concerned, it is difficult to present it in an 
attractive sequence. They have given it unity by means of the wave equation 
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and tli6 probability function which flatiafies it and they have made the preeen* 
tation conciae by dividing the book into small cheaters and the chapters into 
short paragraphs. The reader has a sense of diaoontmuity in going through 
the bookf but, on the other hand, it is all very much to the pomt. 

There is some mention of experimental work, but the subject is treated 
m its theoretical aspect throughout, and it might be suggested that a very 
useful addition in the future, when more oxpenmontal material becomes 
available, will be a careful comparison of the theoretical predictions with 
the actual hxidmgs. 

The authors prefer to speak very defimtely of “ the wave ” in connection 
with matonal particles. Possibly it would bo better to use this term with 
more reserve. In connection with Dirac's Inter theory they speak of “ the 
complete relativistic theory '* of the motion of a particle, thereby revealing 
themselves as optimists with regard to the presf^nt state of quantum me¬ 
chanics. But it would appear that this most important advance of Dirac’s 
IS neither complete nor relativistic This is, however, not directly concerned 
with the object of the book, and the authors have ma<le a very valuable 
and definite contribution U) an important senes of monographs at a time 
when It 18 very urgently needed. 

H. T. F. 


CHEMISTRY 

A Text-book of Inorganic Chemistry. By Dr. Fritz Ephraim. 
Second English edition revised and enlargtxi by P. C. L. Thorkb, 
M.A., M.Sc., Ph.D. (Pp. XU 4 873, with 85 figures ] (London : 
Qumey & Jackson, 1934. 28«. not.) 

This book is so well known and so much appreciated as on advanced text-book 
of morganic chemistry as distinct from a work on physical chemistry mas- 
queradmg under a false title that a revised edition is welcome. Since 1926 it 
has grown by 68 pages and much recent work has be€»ri incorporated; the 
subject mdex has also been considerably improved, bemg some 50 per cent 
longer. 

The electron theory of valency appmrs for the first time, but the use made 
of the theory is somowliat spasmodic; for example, the structure of the boron 
hydndes is disoussecl from its standpoint, but m regard to sulphur hexafluoride 
it is merely stated that “ there is obviously a very complete internal saturation 
of its chemical affinity which makes it behave almost like nitrogen.” The 
present edition is, in fact, ratlwr hesitant between the classical and the modem 
style. However, the chemical facts are provided in on attractive setting, 
giving a very reaclolile book whidi will bo as much m demand as over by 
advanc€>d students of the subject. 

O. L. B. 

A Text-book of Inorganic Cbemiatry. By J. R. Pabtinoton, 
D.Sc. Fourth edition. (Pp. viii 4* 1062, with 390 figures.] 
(London: Macmillan & Ck>., Ltd., 1933. 15s. net.) 

Althouqh only three years have ekqisod since a third and completely revised 
edition of Prof. Partington’s well-known text-book appeared, the rapid 
advances made in some branches of the subject have necessitated further 
revision and the fourth edition is now to hand. The prmoipal changes are in 
the chapter on atomic structure, some obsolete matter having been deleted 
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and a modem interpretation by Werner’s theory inoluded. Electronic 
formulas are more fully used throughout the text and new matter, e.g. the 
newly discovered isotopes of hydrogen and some other elements, have been 
incorporated. As m earlier editions, special emphasis is laid on modem 
industrial processes, both m the case of the metals and non-metals. Tables 
of atomic weights and isotopes have been omitted from the new edition on the 
grounds that they are frequently revised and therefore rapidly tend to become 
obsolete. A few mis-prints liave been noted : MnO*, 23 gm., and Chap. 
XXXV (pp. 237, 312, and 362) should read Mn,0„ 2 3 gm., and Chap. XXV ; 
a proper name has been misspelt on p. 469, the electronic formula of 
(p. 684 B) contains a redundant oxygen atom, and the maximum covalenoy 
of nitrogen is given os three (p. 476) and four (p. 584 B). To recommend 
“ Partington ” is superfluous. The second edition established it as the one 
mdisponsable text-book for all chemistry students and siibsoquont editions 
have consolidated its position. The parts of more direct mtcTost to advancfxi 
students are concisely written, but full explanatory details are given in all the 
elementary sections so that students in all stages find the book equally useful. 

J. N. 8. 

Outlines of Organic Chemistry. By F. J. Moobe, Ph.D. Revised by 
William T. Kali.. Fourth edition. [Pp. xiv -f 338, with frontis¬ 
piece and 16 flgures.] (Now York : John Wiley & Sons, Inc. ; Lon¬ 
don : Chapman Hall, Ltd,, 1933. 16«. 6d. net.) 

This book claims to be designed especially for the general student, and as such 
18 oxcollont. Unhke so many elementary books it is obviously writt<m by a 
scholar who has taken great pains to avoid inaccuracy of statement where 
modem views are beyond the capacity of the student for whom the book is 
meant. The treatment of stereochemistry is happy yet simple and the 
schemes of “ genetic relationships ” between oortam groups of oompoimds 
will prove very helpful to the beginner. The publishers claim that the bind¬ 
ing IS waterproof and vermin proof, the first claim is justified but the writer 
has had no opportunity of testing the latter. One could recommend this book 
heartily to those startmg the study of orgsmio chemistry except for one thing, 
the price, which will, unfortunately, militate against its adoption m this 
country. 

O. L. B. 

Organic and Biochemietry. By R. H. A. Pmmmbr, D.So. Fifth 
edition. [Pp. x -f 624, with coloured plate and 69 figures.] (Lon¬ 
don : Longmans, Green & Co., 1933. 21s. net.) 

What was originally a book on practical physiological chemistry for medical 
students has m the course of successive editions undergone extension and 
alteration and now reappears with a new title. The author in his preface 
claims that it may serve both as a text-book and practical book on organic 
chemistry. Perhaps wliat ho means by this can be best understood from the 
last paragraph of his preface “ that the general treatment has been to con¬ 
sider orgamc chemistry os the basis of physiological chemistry or rather the 
two as one subject, bio-chemistry.” The natural result is that the first 232 
pages consist of an outline of descriptive organic chemistry, with special 
reference to compounds of biological mterest with the elimination of practically 
all the fundamental ideas on which the science of organic chemistry is bascid* 
A number of simple preparations ore described, some from biological sources. 
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and qualitative teste are given for important classes of compounds. The 
rest of the volume is devoted to compotmds of biological importance and con¬ 
siderable complexity, for example the carbohydrates, purines, alkaloids, plant 
and animal pigments followecl by a number of chapters on fermentation, 
digestion, the blood, metabolism, etc., with the description of a number of 
suitable qualitative and quantitative experiments. The attempt to provide a 
course of organic chemistry in addition to physiological chemistry is a mistake, 
as, in order to keep the book withm reasonable limits, it has been necessary to 
compress the latter to such an extent that it seems imhkely tliat the structural 
formulas given for cholesterol, morphmo, haemm and so on will convey much to 
the student whose knowledge of organic chemistry is based on the t^rlier part 
of the book. Biochemistry has beKsome so complicated that one wonders how 
much longer it can remain a part of the ordinary mcxlical curriculum and it 
would seem that oven now it were bettor left to those whose mterests and 
iuler|uaU) knowledge of organic chemistry lead them to specialise in this 
direction. 

When the book comes to its proper business, the chemistry of compounds 
of physiological importance and the practical methods associated with 
physiological chemistry, it rf3tam8 the virtues of its classic forbear. 

O. L. B. 

Fundamentals of Biochemistry in Relation to Hximan Physiology. 

By T. R. Parsons. Fourth edition. [Pp. x 4 436.] (Cambridge : 
W. Heffar A Sons, 1933. 18s. not.) 

In this new edition of a well-known text-book the subject matter has been 
brought up to date. The author is to bo congratulated on the very readable 
and very useful volume which has resulted. The book is written so as to bo 
c^asily imderstood by those who have no previous knowledge of the subject 
and so the fundamental ideas are discussed very simply and fully, whilst 
complicated masses of detailed foots have been avoided. Nevertheless, the 
author has contrived to cover a wide field and to convey a large amoimt of 
information of the less detailed but more important typo. Two chapters deal 
m an elementary but not inadequate manner with the physico-chemical 
principles upon which so much of the theory and practice of biochemistry 
depends and possibly it is oharaotenstio of the book that those have been put 
at the end and not at the beginning. For those who are interested m bio¬ 
chemistry mainly from the medical point of view the book can bo thoroughly 
recommended, though some will regret that the author gives his blessing to the 
use of the word tension to denote the partial pressure of a gas. 

W. O. K. 

Fluorescence Analysis in Ultra-Violet Light. By J. A. Radusv, 
A.I.C,, and Julius Grant, Ph.D., M.Sc., F.I.C. Monograplis 
on Applied Chemistry, VoL VII. [Pp. xii 4-219, with 13 plates and 
16 figures.] (London: Chapman A Hall, Ltd., 1933. 16s. net.) 

The authors of this work hod two aims in view when they started their task: 
(1) to provide for the general reader a brief treatise on the theory and 
teohnique of analysis by means of the fluorescence produced in ultra-violet 
light; (2) to survey the various applications of the teohmquo to diffenint 
branches of pure and applied science. The second portion of the work 
collects up an enormous mass of material which will doubtless be of value 
to specialists in the various branches considered; but it is apparent that the 
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subject is—as yet—still in its infancy. Indeed, it would be surpriaiiig to find 
the subject in any other state in view of the status of our knowledge oonceming 
the fluorescence of sohds and liquids. 

A number of faults, both of omission and commission, have been noticed. 
These all appear m the first section of the work—that devoted to the theory 
and technique of the subject. The treatment of the theory is brief—this is 
to be expected in view of the lack of theoretical background to the subject, 
but when one comes to examine the technique it is surprising to find (m a 
chapter headed The Production of Ultra-Violet Light ”) no mention of an 
extraordinarily useful source which is now some years old, t.c. the hydrogen 
At times the treatment becomes very loo8f\ thus the unquahfied 
statement that “ Lenses of quartz coated with silver transmit ultra-violet 
but not visible rays ” (p. 20) could misltwl anyone not familiar with the 
absorption curve of silver. A siiiular looseness occurs when the transmission 
of various glasses is discussed (p 23). Errors which should not have escaped 
vigilant exammation of the proofs are, for example, “spectrograph** in 
place of “ spectrogram ’’ (p. 141), or agam, the displacement of the carbon arc 
lamp spectrum by some 3 mm. to the violet (Fig. 9). 

A. H. 


The Principles of Metallurgy. By Donald M. Lidobll and Gilbbbt 
E. Doan, (^h E , Ph.D. [¥p. vai 4^ 626, with 324 figures.] (Now 
York and London : McGraw-Hill Book Co., Inc., 1933. 30s. net.) 

Any attempt to compress a subject such as the principles of metallurgy into a 
book of 600 pages so that each branch sliali receive adequate treatment would 
appear an impossible task. The authors of this book, however, have produced 
a very readable and useful volume. The book is mtended to perform two 
functions, vtz. to give the ongmeermg student who does not propose to take up 
metallurgy as a life work a general view of the subject and to give the student 
who intends to become a metallurgist a proper foundation for his vocation. 

After an introductory chapter m which the economic aspect of metallurgy 
IS properly emphasised, they divide the book into three sections. The first 
deals with the materials consumed m metallurgy such as ores, slags and fiuxes, 
refraotonos, fuels, and air and water supply. The second part is oonoemod 
with extractive processes and apparatus. In tfus section the preliminary 
operations of metallurgy such as or© dressing, leaching, roasting, ©to., and 
subsequent operations, for instance smelting, are discussed. In the final 
section physical metallurgy, embracing such matters as the metalUo state, 
alloys, properties of materials as related to structure, etc., are treated in a 
somewliat detailed maimer. 

In general, each portion of the subject receives due consideration, a notable 
exception being tliat of “ concentration by fiotation *’ which occupies one and 
a half pages only, whilst “ selective fiotation ’* is dismissed in a few lines. 

A defect of the book is the unrestricted use of words which have acquired 
a very definite meaning. An example of this is the employment of the word 
“ metallics ** as a general term for the metalUo state. There are also a few 
misleadmg statements which have escaped the proof reader ; these, no doubt, 
will be corrected in any future edition. 

These blemishes, however, do not senously lower the value of the book, 
which can be recommended as an introduction to the study of metallurgy, 

£. W, Yboxah. 
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Industrial Hsmi Transfar. By A. Sohaok* Dr.-Ing. Translated from 
the German by H. Goldschmidt, Dr.-lng., and E. P. Pabtridok, 
Ph«D. [Pp. xxiii <f 371, with 40 figures.] (London: Chapman A 
Hall, Ltd., 1933. 31«. not.) 

Dh. Sohaok wrote hm book on heat transfer m 1929, after he had had seven 
years* experience m the WArmostelle dos Vereins deutsober Eisonhuttenleute 
(the Heat Economy Rt^earch Department of the German Iron and Steel 
Institute). Ho had pn^vioiisly published a paper on “ The Radiation of 
Furnace Gases and its Practical Calculation,** m which, from physical 
measurements of the infra-rod absorption bands of carbon dioxide and water 
vajiour, he had shown how flame ra<hation could be calculoted. This work 
is of supreme importance in the theory of furnace design, and his theoretical 
conclusions have since been verified experimentally. It is natural therefore 
that one looks more to the chapters on radiation in this book, and one is not 
disappointed, since the subject is treate<i in a more comprehensiblo manner 
than any other general book on hf^at transfer. 

The author is not afraid of mathematics but has had sufficient practical 
background to realise its limitations. A detailtKi derivation is given for the 
problems relating to heat transfer by convection from the original hydro- 
dynamical equations. The final formula?, however, have been simplified to the 
point where they can be used with much greater facility than would otherwise 
be possible by the practical designer. The fact that he con, if necessary, 
check the assumptions leading to these simpler formulas will enable him to use 
them rationally and with more confidence than others wluch have been 
proposed without such a theoretical backmg. 

Heat transfer by conduction tlirough composite walls could be dealt with 
more concisely with advantage. The wwtion of this chapter dealing with the 
case in which heat conduction varies with both time imd distance, and the 
use of Fourier's series m its solution, is well done. 

The book finishes with an analysis of heat exchanger calculations and 
economics and mcludos worked-out examples. It has been well translated, 
and is a book which will bo indispensable to all those conoemed with the 
design of furnaces, regenerators, etc., operatmg at high temperatures. 

M. B. Donald. 

Chamioal Calculations. Thsir Theory and Practice. By A. Kino, 
M.Sc., A.R.C.S., D.I.C., and J. S. Andrbson, Ph.D., A.R.C.8., D.l.C. 
tPp.X -f 18L] (London : Thomas Murby A Co.; New York : D. van 
Nostrand Co., Inc., 1933. is. dd. net.) 

No part of the elementary education of the chemistry student is more im¬ 
portant than adequate instruction m chemical calculations. It is unfor¬ 
tunately true that this rarely obtains the attention whioli it deserves and still 
more rarely do the methods employed show a real understanding of the 
principles involved. The correct answer to a problem is of little value, if to 
obtain it the student displays his mathematical rather than his chemical 
ability. Here perhaps for the first time we liave a text-book written with a 
full understanding of the fundamentals of the subject. It is in fact more than 
a text-book of chemical arithmetic : it is a clear and concise exposition of the 
foundations of ohemioal theory. The chapters on Atomic Weights and 
especially on Volumetric Analysis are recommended not only to students but 
also to teachers, who too seldom eno^loy the direct and logical methods 
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described in this book. Thore a«ro over 500 problems, half with answers and 
half without, the logarithm tables are conveniently placed for easy reference, 
and the logarithms of common chemical constants are specially emphasised 
in the type. A few misprints have been noticed, the most obvious being the 
date of Cavendish’s work on page 38. 

J. N. S. 

Qualitative Chemical Analysis. By Roy K. MoAlpink, Ph.D., and 
Byron A. Soule, Sc.D. [Pp. xii 4- 697, with 3 figures.] (New York; 
D. van Nostrand Co., Inc.; London: Cliapman & Hall, Ltd., 1933. 
21s. net.) 

This book is based on an earlier text on Qualitative Analysis by Prescott and 
Johnson, first published m 1901. Great changes, both theoretical and 
practical, have occurred smee the book first appeareni, and from a modem 
point of view the older work was lacking in theoretical treatment, the descrip¬ 
tion of analytical procedure was rather scanty and the bibliography referred 
pnncipally to the older literature. These shortcomings have now been 
remedied. 

Part I of the new edition contains a section on the Theory of Analysis, 
including solutions to many numerical examples illustrating the theoretical 
treatment, and also a rather unusual chapter on the solubihty problem which 
contains material not usually available in ordinary text-books. Parts II and 
III are sections on the reactions of the basic and acidic radicals respectively. 
Part II includes practically all the rarer metals and a very full and up-to-date 
bibhography of their history and reactions is given. This is the most valuable 
part of the book. Non-metals and acidic radicals are dealt with m a similar 
way in Part III. Part IV contains an account of the systematic examination 
of mixtures, and also an appendix of physical data, etc. English readers will 
doubtless find the group separations rather cryptic in form and some conces¬ 
sions to English practice would enhance the usefulness of the book in this 
country. 

The authors have succeeded in compiling a very valuable work which 
should find a place on the reference shelf of all analytical laboratories. It is 
well produced and moderately priced, but the publisher’s introduction is quite 
imworthy of a serious scientific text-book. 

J. N. S. 

Elementary Qualitative Analyeie. By F. M. Brewer, B.Sc., M.A. 
(Oxon), Ph.D. (Cornell). [Pp. viii -f 228.] (Oxford : The Clarendon 
Press; London : Humphrey Milford, 1933. 6s. net.) 

Most teachers engaged m the teaching of elementary qualitative analysis 
eventually write a small book on the subject* The difference between these 
books 18 usually very slight and more often than not reflects the personality 
of the publisher rather than that of the author. In this case, however, the 
author has succeeded m produemg a text-book which refiects a new and 
original point of view and which may be confidently recommended to all who 
wish to acquire a real understandmg of analytical procedure. The maximum 
use IB mode of the relationships (usually ignored) between the analytical 
groups and the Periodic Table, and the connection between the chemical 
properties which determine the group into which a metal falls and the way in 
which the metal occurs in nature is brought out. This treatment of the sub¬ 
ject brings chemical analysis into much closer relationship to other branches 
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of morganio chemistry than is usually the case. Physioo-chemical explana¬ 
tions are given where necessary^ but formulaa and equations are very sparingly 
used and complicated tables of procedure are completely absent, consequently 
the text avoids that appearance of complexity too often fotmd in books of this 
kmd and which many t^ginners find so confusing. The book is well produced, 
pleasing to the eye and should prove very popular with both teachers and 
students. 

J. N. S. 

Voliunetrio Analyais. By H. P. Starok, M.A. (Cantab.). [Pp. viii -f 

22B, with 11 figures.] (Ijondon: Bailli^re, Tindall Sc Cox, 1934. 

7s. 6d. net.) 

VoLUMRTBio analysis forms a very important part of the curriculum of every 
chemistry student, but it is unfortunately true that a largo majority of 
students, espwially those who take chemistry as a subsidiary subject, liave 
considerable difficulty in grasping the fundamental simplicity of the principles 
involved. This is undoubtedly due to the way in which the subject is first 
presented to them. If the equivalent weight be clearly defined, all chemical 
equations reduced to their sirapleet terms, and if, from the beginning, students 
learn to think in equivalent weights and litres, and never m grams and cubic 
centimetres, then difficulties vanish and the subject is seen as a whole. The 
value of the book under review would have btn^n enhanced if these points had 
been emphasised. Its chief ment lies in the wide range of exercises it con¬ 
tains, many of interest to pharmaceutical students, not being usually found in 
the smaller text-books. An introduction contains two short chapters on the 
use and theory of indicators and an account of B.D.H. universal indicator 
IS given in the appendix. About 100 problems (with answers) are inoluded 
and also a detachable booklet of tables of qualitative analysis. This latter 
may be purchased separately, price 6d. 

J. N. S. 


GEOLOGY 

Thin-Seotion Mineralogy. By A. F. Roqbbs, Ph.D., and P. F. ICebb, 
Ph.D. (.Pp. xiii -f- 311, with coloured plate and 261 figures.] (New 
York and London : McGraw-Hill Publishing Co., Ltd., 1933. 18s. 

net.) 

This book covers much the same ground as H. Q. Smith’s reviewed on p. 167, 
but it is conceived and written on a much larger scale. It is divided into 
two parts! 1, Mineral Optics; II, Descriptions of Individual Minerals. 
To quote from the preface : “ The treatment is mtended to develop optical 
mineralogy for the beginning student, whether he happens to be interested 
primarily m the field of mineralogy, petrography, geology, ohemistiy, physios, 
or engineering. The principles outlined apply considerably beyond the field 
of mineralogy, although the application is restricted to minerals.” We must 
say that while the treatment of mineral optics is admirable throughout, the 
American ” beginning student ” must be an accomplished fellow to assimilate 
it all in an introductory course, in which it is stated to occur. In this country 
the material assembled in the first part of this book is usually given to second- 
and third-year students. A special feature of the book is the excellence 
of the diagrams whichi throughout, are fresh, clear, informative, and exceed- 
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itigly helpful to the student. There is also a valuable chapter outlining 
a procedure for the identihoation of minerals m thm section. As stated 
above, this text is likely to be of most value to seoond-year and advanced 
students of mineralogy and petrology. We think, however, it is above the 
heads of students newly introduced to the subject. 

G. W. T. 

The Detarmination of the Feldspars in Thin Section. By Dr. K. 

Chupoba. Translated by W. Q. Kbnnkpy, D So. [Pp. 74, with 60 
figures.] (London: Thomas Murby <k Co. ; Now York; D. van 
Nostrand Co., Inc., 1933. Cloth Os. 6d. net, paper 4s, 6d, not.) 

Fbom the point of view of classification the det<^rmination of the feldspars 
is the most unp<»rtant routine operation in jK^trograplucal work. Hence 
Dr. K. Chudoba’s concise summary of the various methods which avail¬ 
able for the detfMTnmation of feldspars m thin section is most valuable, and 
Dr. Kennedy’s excellent translation from the German now makes the work 
available for Enghsh-reading students. The book is tsspecially valuable m 
that the Fedorow techmque is explained and used according to the zonal 
method invented by A. Rittmann, but many other methods ore carefully 
desoribed and illustrated. The treatment of each method is subdivided 
into “ Principles of the Method,” ” Recognition of Suitable Sections,” 
” Dotenmnation,” and ” Scope of the Method and Control of the Deter- 
mmation ”—a thoroughly practical and scientific system which is supple¬ 
mented by numerous clearly drawn diagrams and graphs. We are glad 
to see that Dr. Kennedy uhch the term ” feldspar ” m his translation instead 
of the grossly mcorrect “ felspar ” which has hold the field for so long in 
English literature. Petrologists and mmeralogists will be deeply grateful 
to Dr. Kennedy for the addition of a valuable weapon to their armoury. 

G. W. T. 

The Dinosaurs. A Short History of a Great Group of Extinct Reptiles. 
By W. E. SwiNTON, Ph.D., F.K.S.E. [Pp. xii -f 233, with 26 plates 
and 20 figures.] (London : Thomas Murby & Co., 1934. 16s. not.) 

The Dmosaurs, almost from the time of their first discovery and description 
m 1824, have attracted the attention of the general public, at first because 
of their usual great size, more recently when the whole structure of some of 
them became known by their grotesque appearance, and finally they attained 
notoriety when an American Museum expedition in Mongolia found nests 
of deinosaur eggs, each clutch neatly arranged in an inner circle of five and 
a much larger outer circle ! 

Tlius there is clearly room for an up-to-date popular exposition of their 
characters and it is curious that only one such book has previously appeared, 
the late Dr. W. D. Matthew’s admirable guide to the collection in tiie Amerioan 
Museum, which is difficult to procure except in New York, Dr. Swmton’s 
book fills the gap admirably. It gives a short non-teohnical account of the 
general structure of demosaurs, and then passes on to review the whole 
group, discussing each important genus in turn. 

In general, Dr. Swinton tells us where each animal was found, where it 
lived and in what museums its more important remains are jmserved; he 
then desonbes its salient anatomical features and discusses its probable habits 
and mode of life. 

The whole is prefaced by an account of the geography of the Deinosaur 
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Period ** and oloBee with an account of Deinoaaur diaeeaeB and a diacaisaion 
of the poanblo caugee of the asctinction of the group. 

One Appendix is a gtoseary of technical tenrn and another is a most 
useful alphabetical list of the described spocios of British Deinosaurs, an 
enormous senes of about 120 names applied to animals known in the main 
from miserable fragments. But we have in England some lew splendid 
specimens, the skeleton of Soehdosaurus from Lyme Regis for example, 
which are much in need of a renewed examination and critical discussion; 
and indeed the whole of our senes would yield mterestmg new facts to anyone 
who is really familiar with the much more abundant and complete American 
materials. 

Dr. Swinton’s book is pleasantly written and none of its errors seem to 
be of importance, but the Connecticut River is far removed from Boonton, 
New Jersey, despite the statement on page 59. 

D. M. S. W. 


BOTANY 

Pilansen-Thermodynaznik. By Kxjbt Stkrn. [Pp. xi + 412, with 20 
figures.] (Berlm; Julius Springer, 1933. R.M.32 paper covers, 
R.M. 33.20 bound.) 

This book which forms Vol. 30 of the Monographien aus dem Qemmtgebiet der 
Fhystologie der Pflanzen und der Tiere is dividcMi into two parts devoted 
respectively to the “ Physical Basis of Plant Thermodynamics ” and to “ The 
Applicfitions of Thermodynamics to Processes occurring m the Plant.’* As 
explained in the preface the first part is not mtended to compete with the 
many introductions to Thermodynamics written by physicists and chemists, 
with the object of teaching the fundamentals of the subject; the present 
author has been guided m his choice of the aspects of thormodynamios which 
he describes not by their importance to thermodynamics but by their slgpi- 
fioance or application to biology and, as a consequence, quite important 
aspects of the subject have been entirely omitted. The guiding principle m 
writing this first part has l^n to provide biologists with the necossary equip¬ 
ment to enable them to appreciate the applications described m the second 
part. The author admits that the first part will not make light reading and 
recommends those who do not understand him on a first readmg to try again. 
The subject matter of Part 1 is divided into seven chapters which deal 
successively with the first law of thermodynamics, the second law, the phase 
rule, and chemical, electrical, light and surface energy. Part 2 is likewise 
divided into seven oliapters, entitled the applications of the first and second 
laws, thermodynamics of phase clianges of chemical processes and of electric 
phenomena in the plant, the thermodyiuunics of carbon assimilation and 
of 8urfa«ce phenomena m plants, and the general thermodynamics of physio- 
logical efficiency of the plant. Among the many aspects of plant physiology 
subjected to critical thermodynamic study may be mentioned the work of 
Osterhout on Permeability, the subjects of Suction and Turgor Pressure and 
the Cohesion Theory of Renner and Dixon ; the longest chapter in the book is, 
however, devoted to a selection of chemical processes classified into two groups 
according as they involve an increase or a decrease of thermodynamic 
potential. The author has been at great pains to render a difficult subject 
as intelligible as possible to biologically trained reckiers in an attempt to bridge 
the gap between them and tlie more mathematically minded exponents of 
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thermodynamics; the success which he has achieved will depend largely on 
the intellectual equipment of his readers and tlie fault will not be his if he falls 
short of his ideal. 

P. H. 

Virus Diseases of Plants. By Johk Graingbb, Ph.D., B.Sc. [Pp 
viii -f 104, with 6 plates and 6 figures.] (London : Oxford University 
Press, 1934. 6s. net.) " 

This book contains in 104 small pages of largo tyj>e six chapters on the 
relations between vimses and their hosts and their msoot vcxjtors, the pro¬ 
perties of viruses, the classification of virus diseases, their economic effects and 
the possible moasimHj of control. A seventh chapter is added on general 
experimental methods, including inoculation, grafting, sterilisation, the 
teclmique of greonliouse management and the like. Nearly a quarter of the 
book 18 given to a bibhography of 446 references. The author’s aim, as given 
in the preface, is to “ introduce the student to the plienomena associated 
with Virus Diseases rather than to provide him with descriptions of all known 
viruses ; it is typical rather than complete.” It suggests the notes taken by 
a student from a series of lectures and demonstrations in the laboratory and 
glasshouse rather than a consecutive account of its subject matter. The 
treatment is inevitably sketchy, since so much ground is covered m so small 
a space, and amounts to httle more than an enumeration of the pomts which 
would require consideration in a study of the subject, together with directions 
to the relevant items m the bibhography. 

J. H. 8. 

A Manual of the Timbers of the World. Their Characterietics and 

Usee. By Alexander L. Howard. Second edition. [Pp. xxiv 
-h 672, with 91 illustrations.] (London : Macmillan & Co., Ltd,, 1934. 
36s. net.) 

The new edition of this book is confined to a descriptive catalogue of timbers. 
Many new woods have Iwen dealt with, and the fact that the catalogue now 
occupies nearly double the space it did m the first edition is a striking illustra¬ 
tion of the large number of new woods which have come to liand within the 
last fifte<?n years. With a lifelong experience of timbers, the author is able to 
wnte with authority on the applied side of the subject, and it is to this that the 
book owes its value. 

The arrangement of the woods is, as far as possible, under their principal 
trade names; this involves some separation, as for example, Acacta 
melanoxylon (Australian Blackwood) from other Acacuuf, while species of the 
genus Eucalyptua are scattered throughout the book. The carefully prepared 
indexes, however, enable any wood to be traced with ease, but it may be 
questioned whether any useful purpose is served in having on index of 
vernacular names separate from the general index. 

The book contains several errors in the scientific nomenclature : mention 
may be made of Africav^a Bingeria for Bingeria ufricanap Loved for Lovoct, 
Oldfieldiana for Oldjieldia, and Tenuijoliwn for PUtoaporum tentUfoUum, 

The descriptions of wood structure are inadequate for the identification of 
unknown timbers, and it would have been preferable if the space occupied by 
these descriptions hod been used for a fuller treatment of those applied aspects 
of the subject with which the book deals in so admirable a manner. 
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Despite these ontioisms the book ie likely to remain one of the standard 
referenoe works for those who handle wood. 

F. W. J. 

ZOOLOGY 

An Introduction to Biology. By L. M. Parsons, D.So., D.I.C. [Pp. 
viii -f 178, with 87 figures.] (London : Macmillan & Co., Ltd,, 1934. 
2 s. 8d. net.) 

A HTTUE volume for use in schools. To quote the Preface, it ** attempts to 
give a broad general survey of biology ’* and “ may appeal to the general 
reader who wishes to obtain information upon common biological phenomena 
brought before him from time to time, as much as to the student preparing for 
an examination.** 

Much of the text is neither accurate enough for the serious student, how¬ 
ever elementary, nor lucid enough for the general reader, however young. 
Moat of the book is taken up by brief descriptions of plant and animal types ; 
at the end there is a short chapter on the human body, and another on “ Man’s 
Fight against Disease.” There is no serious attempt to explain the Cell 
Theory, and no mention of the sexual organs or processes of any animal 
(except for passing references to the hermaphroditism of the earthworm and 
snail). In apptmdioee, there are suggestions for outdoor work, and a list of 
over a hundred tost questions. Suggestions for further reading would be 
valuable. 

G. P. W. 

Man’s Place among the Anthropoids. Three Lectures on the Evolu¬ 
tion of Man from tho Lower Vertebrates. By William Eonq 
Gekoory, Ph.D., F.G.S., F.Z.S. [Pp. vi 4* 119, with 11 figures.] 
(Oxford : at the Clarendon Press ; London ; Humphrey Milford, 1934. 
fi«. net.) 

In this series of loctures, of which throe wore dolivorcMl m London and one in 
Oxford in May and June, 1933, Prof. Gregory reviews the present position of 
the problem of man’s evolution from tho lower vertebrates in the hght of 
the evidence bearing on certain specific problems. These are the evolution 
of tho locomotor skeleton, the evolution of tho jaws and teeth and of the face 
and brain cose. In substance the locturos are a reply to, and a counter 
criticism of, Prof. Wood Jones, whose recent book, Man's Place among the 
Mammals^ has put forward the view that man is not descended from an ape¬ 
like form, the common ancestor of himself and the anthropoid apes, but is 
derived from a very early form of primate, which has long died out and 
through which he is m close relationship with the spectral tarsier. Such 
resemblances between man and the anthropoids as Prof. Wood Jones admits 
he attributes to ” limited homseomorphy.” His arguments are here examined 
by Prof. Gregory in detail in so far as they come under the three topics of his 
lectures. On this basis he restates the more generally accepted view of man’s 
evolution in the light of the results of the most recent research. His careful 
and detailed review of the evidence of the comparative morphology of living 
and extinct forms should carry conviction to an open mind that the resem¬ 
blances between man and the apes are too great to be consistent with anything 
but a close relationship. To hold any other view surely makes too great a 
demand on the theory of convergent evolution. 


E. N. F. 
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The Behaviour of Animals. An Introduction to its Study. By E. S. 

Russsix, O.B.E.» D.Bo., F,L.S, [Pp. viii -f 1B4, with 6 platee and 

26 hgiuroB.] (London : Edward Arnold A Co., 1934. 10«. 6d. net.) 

Amidst other introductions into the soietnoe of animal psychology Dr. 
Rusaeirs lucidly written little book for different reasons takes a special place. 
Firstly, because of the theoretical standpoint of the author, who rejects all 
meohamcal interpretation of animal behaviour, be it expressed in terms of 
tropisms of Loeb or of conditioned reflexes of Pavlov, and frankly defends the 
view that the behaviour of animals can only be conceivoil as a oontmued, 
persistent and varied effort, as a striving of the animal as a whole tO¥r8urds 
an end. The author calls this standpomt, that corresponds fairly well with 
the ideas set forth by MocDoiigall in his ‘‘ hormic psychology, the 
“ orgamsinal or “ holistic ” point of view. In the stxsond place, the book 
differs from most other books on this subject m so far as a spooial gtress 
is laid on the importance of the simple observation of the acts of animals in 
free nature, the “ good old-fashioned natural history observation,** and 
much importance is attached to the knowledge gathered by fleld-biologists, 
shepherds and sportsmen. As to the first we certainly can fully agree with 
him. Animal psychology, raised to the rank of a critical science since its 
observations cmd experiments were brought from nature to the laboratory, 
has smce then run the risk of gottmg too much estranged from nature, 
especially in its study of the lower ammals, and certamly it would do it good 
if, more than in the past, observers, who are trained in the laboratory to 
cntical observation and mterpretation, would sot themselves to work m the 
field. Whether we may trust this work to shepherds and sportsmm is a 
question on which one might bo somewhat sceptical; the results in the days 
of the old anocdotioal school were generally not of a kind that make us wish for 
more. The mixmg up of observation and mterpretation, and the tmeritioal 
way in which observations were often earned out, make us rejoice that we 
have better sources of niatenal for our study now. Also, it must not bo for¬ 
gotten that many problems, e,g, that of the intelligence of the liigher animals, 
can only be studi^ with profit under the rigorous conditions of the labora¬ 
tory. Yet “ back to nature *’ may be a useful tendency to neutralise the 
one-sidednesB of the laboratory work. 

In his interpretation of animal behaviour the author lays stress on the 
biological or ecological meanmg of its acts. The animal does not react to 
a single stimulus, but to a situation as a whole, and this situation is based 
on its ecological needs. Thus the so-called tropisms are regarded as efforts of 
the animal to get back to its normal ecological environment, of which the 
stimulus is only a sign. This interpretation certainly gives us a deeper 
insight into the real meaiung of the actions of the ammals than does the 
common physiological one. Yet this oonception of reactions to a sign 
stimulus might give nse to the misunderstanding that we must believe that 
the animal understands the stimulus as a sign. It will be clear that it is 
only the human observer who recognises the sign in the stimulus, and that 
the animal only is compelled by its nature to react in a special way to a special 
perception, without any foresight of the ecological or biological results of its 
actions. Undoubtedly the autlior understands this quite well, but a few 
words of explanation would have prevented a possible misconception. 

It is not possible to summarise iu a short review the rich contents of the 
book, in which successively the actions of lower animals are treated (gathered 
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up under the term of maintenanoe aotivitiee **), the instinctive actions of 
the higher animals, and the learning process, m which the author rejects the 
physiological explanation of Thorndike and adrmte as essential of all learning 
the conative or goalseoking activity. The insight learning and the difficult 
question of animal perception m its relation to the modem Gestalt-theory are 
treated m the last two chapters. Certainly, everybody who is mterested in 
the problems of animal behaviour and its interpretation will road Dr. 
Kussell's book with much pleasure and profit, and we do not doubt but those, 
who are not yet acquamted with the ends and ways of animal psychology, 
will not easily find a bettor and clearer introduction. 

J. A. Bibbknb de Haan. 

Tlie Locust Outbreak in Africa and Western Asia in 1932. By 

B. P. UvAHOV, Economic Advisory Coimoil—Committee on I.iOcust 
Control. [Pp. 74, with 11 maps.] (H.M. Stationery Office, 1933. 
3«. net.) 

This second survey of the Locust problem deals with the years 1931-32 (the 
first survey, published under the same auspices, also appeared m 1933 and 
dealt with the period 1925-31). A large number of comitries, mcludmg some 
not officially adhering to the Imperial Institute of Entomology scheme, 
regularly send in reports on the locust situation and these are summarised in 
the present publication. Gradually, the pictui’o of the seasonal migrations is 
being filled in. Though not yet complete, very great progress has been made 
in this direction as a result of the present survey. Even now, m many oases, 
the source of Locust swarms arrivmg at particular localities can bo indicated, 
and if only such predictions could be made rather earlier and with greater 
accuracy, very great economics would result in the application of control 
measures. As Mr. Uvarov says, these measures are at present directed to the 
destruction of the hoppers which are already m occupation of cultivated land. 
With better knowledge of migration tracks, the flying swarms could be 
attacked, with the advantage that the time available would be longer and the 
insects would never reach the crops at all. The survey is particularly valuable 
in indicating what aspects of Locust ecology are most urgently in need of 
study, viz, those governing the times and directions of migrations. Abreody 
the data can be used to predict whether an existing mfestation lias reached 
or passed its maximum, but for more detailed prediction further research is 
stiU required. 

O. W. Bichabds. 

Inaacta as Mataxial for Stud^r. By G. D. Hals Carpenteb, D.M., 
Hope Professor of Zoology (Entomology) at Oxford. [Pp. 38, with 
1 plate.] (Oxford : at the Clarendon Press ; London : Humphrey 
Milford, 1934. 2s. 6d. net.) 

This book contains two Inaugural Lectures delivered at the end of 1933 and 
makes very interesting roadmg. The first lecture is a general review of 
insects and disease, parasitic control of mseots, inatmots in fossonal wasps 
and Empid flies, courtship of insects and scent, sight, sound and touch in 
relation to this and insects and flowers; all very interestmg but the parts do 
not fit together. 

The second lecture is a very clear and excellent argument showing that 
Mimicry and Protective and Warning Coloration ore capable of mterpretation 
upon the theory of Natural Selection and, unlike most papers upon Mimicry, 

BB 
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this essay is remarkably free from the plethora of scientifio names which 
usually obscure the subject. This lecture is a great improvement on the first 
because it can be reiwl through without any of tlie jars one receives at short 
intervals in the previous one, but the whole book is written in non-technical 
language and is therefore intelligible to non^scientific readers. 

Feank Balfour Browne. 


MEDICINE 

The Mammalian Red Cell and the Properties of Hasmolytio 
Systems. By Eric Ponder. Protoplasma-Monographion, Vol. VI. 
[Pp. xii 4 311, with 62 figures,] (I^rlm : (lebruder Bomtraeger, 
1934. R.M. 22.60.) 

This most interesting and stimulating book is a compilation from the author’s 
numerous papers, published durmg the last twelve years, and concerned with 
the physical properties of the mammalian red blood corpuscles. The subject 
IS very technical and tlie author has treated it m his usual oontroversial 
manner, so that Ihematological Discussions ” might perhaps have been 
a more suitable title for the volume. 

Much of the book, but especially those sections deahng with the perme* 
ability of the coll, luid with the different hiemolytic systems, will no doubt 
appeal to and be valued by physiologists and biochemists ; but it must be 
admitted that to a large number of readers who are not endowed witli a 
mathematical habit of thought, argument so dependent on figures and 
formulsB will be unmtelligiblc. From the very wide and expert nature of 
his discussions it is obviously impossible in a short review to consider ade¬ 
quately the values of the author’s results and opimons. 

All readers will certainly accept the call for the further elimination of 
error so prevalent in laboratory work, such as faulty calibration of instru¬ 
ments and the use of inaccurate or unrehable solutions, yet most of us are 
compelled by the limits of practical oonvenienco to be content with relative 
and comparable values and must restrain our zeal for the unattainable 
“ absolute.” The choice of methods and the interpretation of results is 
largely one of personal opmion, of psychological attitude, and it is not desir¬ 
able that scientific work should be controlled by the pontifical laws of a 
dictator. 

P. J. 

Tho Origin of Cancer. By J. P. Lookhabt-Mukmeby, M.A., M.B., 
B.C. (Cantab.), F.R.C.S. (Eng.). [Pp. x + 160, with 29 figures.] 
(London : J. <fe A. Churchill, 1934. 10s. Od. net.) 

In the matter and manner of this book Mr. Lockhart-Mummery has admirably 
adapted his material for study by lay and professional readers. The matter 
is clearly expressed and will enable them to understand it witliout betng 
confused by too many teohmoal terms. As a rule a demonstration of this 
kind seldom completely satisfies either of these respective readers. Mr* 
Lockliart-Mummery has accomplished this difilouit task with 
success. The chief elements of knowledge already acquired and the theoretical 
problems that require elucidation are shortly summarised and entioised* 
The author makes a point of describing matters outside his subject, but 
picks out the relation of heredity to cancer and places it in the forefront of 
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the battle. Thie, according to him» ehould be the decisive line of attack 
on the problem. 

The author states that Miss Maud Slye has definitely proved that the 
hereditary influence is of great importance m the consideration of this disease. 
He also explains that her intense, sustamed and special work shows that 
the hereditary influence is more operative in the selection of the organ, 
gland or tissue affected than in bemg the absolute causal agent that is induc¬ 
ing the genesis of cancer m those regions. On page 67 he says, “ Even 
in those families of human beings or mice in which there is a well-marked 
family history, the condition does not develop until late m life, and the 
children of such families are bom normal and grow to be normal adults. 
It is only later that the disease develops. Therefore the hereditary factor 
18 not cancer, but only a susceptibihty to develop it.** And ogam on 
page 68 he states, “ It may, I think, be concluded that the genetic factor 
IS one for susceptibility to a change in a certam tissue, which results in 
tumour formation, if other factors are suitable.** 

A little later on, on the some page, he states in reference to the part 
played by the genetic factor in the cancer problem : “ That there are several 
different factors involved would s€>om probable and as regards malignancy 
the genetic factor is apparently not pnmorily concerned.** 

Those statements represent the present position of heredity in relation 
to cancer and definitely expliun that it is only a part of the process even 
in those instances where its influence seems pre<iormnant. It is not known 
whether its presence as a background or as a more intimate cause, is easential 
m the genesis of all cancers. 

The omission of reference to tlie work of Warbourg is noticeable in a 
comprehensive review of Cancer problems. 

This book appeals to all who are interested m the subject, and perhaps 
in a future edition Mr. Lookhart-Mummery might consider it wise to add 
a short glossary explammg such terms os “ genes,** mutation,** “ filter- 
ability.” Encountering these terms for the first time, a lay reader might 
have difficulty in imderstanding exactly what is meant in the wealth of 
condensed exposition the author has collected for his benefit. 

G. L. C. 

The Cancer Problem and ita Solution. By Hastings Giutohd, 
F.R.C.S. [Pp. iv + 60.] (London : H. K. Lewis & Co., Ltd., 1934. 
Cloth 2s, 6d, net. Paper Is. 6d. not.) 

Ths writer of this little book tolls us that he ” begins by discarding all that 
vast mass of material which has been thrown up so iabonoualy by those who 
explore this subject by experimenting on lower animals m laboratonee.*’ 
He then proceeds to postulate a theory of the origin of cancer based upon 
laboratory experiments on artificial fertilisation earned out with the eggs 
of invertebrates and flrogs. As various stimuli induce eggs to develop inde¬ 
pendently of male germ cells, so oanoer ” appears before us as a new form 
of life, a new generation of cells, a protosoid parasitic growth derived from 
degenerate embryonoid cells of the human body by their activation with 
fecundating stimuli ** (carcinogenic agents). 

The solution of the oanoer problem appears to be the avoidance of ** de¬ 
generating oiioiimstanoes,” which are ” leading us gently and pleasantly 
^wn the easy slope which leads to the waters of Lethe.’* Amongst the 
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** degenerating circumstancee are ** some which undermine and weaken 
the stability of that great influential system of organs which nourish the 
human body and of that still more important system in the female which 
mamtains and nourishes the race.” 

An entertammg attempt to solve with pen and ink the problem of the 
malignant cell, but unsound cytologically. 

R. J. Ludfoed. 

Clinical Studies on the Physiology of the Eye. J. Grandson 

Bybne, M.A., M.D. [Pp. X -f- 144, with 49 liguros.] (London; 
H. K. Lewis & Co., Ltd., 1934. 10s. 6d. not.) 

This is an account of the practical application of the author's experimental 
work on the iimervation of the eye. Stimulation of the afloctive part of 
sensation produces a reaction of avoidance including reflex widening of the 
eyelids, pupil and lens, while excitation of the critical system causes narrowmg 
of the palpebrsB, pupil and lens and an approach reaction. The action of 
various diugs on the mechanism of those eye movements is discussed. 

Paradoxical pupillary widemng followmg somatic lesions is next described; 
but the author considers the pseudo-paradoxical phenomenon the more im¬ 
portant clinical sign as it has no incubation period. The effect of visceral 
lesions on the mequality in size of the pupils is also shown and taken together 
with the areas of referred paui and hyperalgesia the pseudo-paradoxical 
pupil is a rohable locahsmg sign. The Argyll-Robertson pupil is fully dis¬ 
cussed, includmg the post-mortem findmgs in one case. In the treatment 
of disorders of accommodation objection is taken to the perratmont wearing 
of glasses ; exercise of the external ocular muscles together with a complete 
mvestigation into the physical, mental and endocrine condition of the patient 
should be carried out in every case. 

This book contains much that is new. The frequency of mequality of 
the pupils in association with visceral and somatic lesions is not stated. Also 
the value of various endocrine preparations m affections of the eye has 
still to be proved. There are many illustrations and a full bibhography. 

W. A. G. 

The Brain and its Mechanism. By Sm Ohabijbs Sbkrrikqton, O.M., 
G.B.E., F.R.S. [Pp. 35.] (Cambridge; at the Umversity Frees, 
1933. Is. 6d. net.) 

The illustrious author of the Integrative Action of the Nervous System has here, 
in a few pages of non-teohmoal language, made plain the broad lines of the 
method of function of the bram as a physiological mechanism. Few will 
realise the amount of work, so much of it his own, on which these few and 
carefully chosen words of Sir Charles Sherrington are based. But in addition 
to setting forth the kernel of what is known concerning the physiology of the 
brain, the author presents in a most lucid manner the problem to which there 
18 as yet no answer, the relation between nerve-action and mental process. 

G. B. DK B. 

Vitamina in Haaltli and Disease. By Barnett Bubb, Ph.D. [Pp. 

xiv -f 206.] (London : BaiUidre, Tindall k Cox, 1933. 11s. <W. net.) 
In this little book the story of the vitamins is told in non-technical language 
and fulfills the claim wliioh the author makes in his introduction tliat—it 
is a suitable text-book for students in nutrition classes, may be leoommeiided 
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to patianto suffering from dietary deficient diseases, and will assist the diet- 
etician, the nurse and the housewife in planning the menu. The different 
vitamins are described by the effects which their absence or deficiency pro¬ 
duce, the accounts bemg precedecl by short histories of their discovery. 
On pages 150-61 are set out useful tables showing roughly by signs +. *f -f, 
4 - + 4- * and — the comparative amounts of the different vitamins which are 
found in the common foodstuffs. In a short summary the author says : 
“ If wo consume daily one to two pints of milk, at least one egg, one-third 
to one-half a glass of orange or tomato juice, a generous portion of vegetables 
fresh or canned, whole cereals for broakdast two or three times weekly, meat 
at noon or at the evening meal, introducing liver, kidney, heart, or sweet¬ 
bread at least once weekly, we need have little fear of vitamin deficiencies.’* 

P. J. 

A New Physiological Psychology. By W. Bithridok, D.M., M.A., 
Professor of Physiology, Lucknow University. [Pp. vii 4- 158, with 
6 figim^H.] (London : Edward Arnold & Co.. 1933. 7s. net.) 

Thb system of psychology built up by the author of this book is not without 
interest, but his attempt to establish it by inductive reasoning is not justified 
by the soundness of his promises. The physiological “ facts ** from which 
ho starts are themselves assumptions based on inadequate experimental 
evidence ; the insistence that they are correct, and the belittling of more 
conventional views, would have come more gracefully from another pen. 
The argument is not clear, and the reader’s reaction to subversive contentions 
IS to question, not the established order of things, but the validity of what 
IS presented to him. As an example of confused thinking, the followmg 
sentence may be quoted ; “ The facts therefore stnkmgly confirm the second 
hypothesis, which is, moreover, actually derived from them.” Anyone 
tempted to take this work seriously would bo well advised to ponder the 
real significance of the author’s original experiments, and not tn neglect 
those made by other physiologists actually on the nervous system. 

W. H. N. 


Food and Charactor. By Loine Berman, M.D. [Pp. xxviu + 384.] 
(London : Methuen & Co., Ltd., 1933. 8«. 6d. net.) 

Aocordino to the author ” character may be defined os that which enduroe 
m the personality in spite of the vicissitudes and adventures of a hfe-time.** 
It is something which is crystallised by experience yet remains independent 
of it.” 

Assuming that there is something immutable in the mental interior, the 
author engages upon a discussion of the factors which may affect it, con¬ 
cerning himself chiefly, as the title of the book indicates, with the iixfluence 
of diet. 

Some years ago m a book entitled Qlands Regulating Personality he ex¬ 
pounded the provocative theory that man was just what his endocrine 
system allowed him to be. Here, using the methods there adopted of giving 
certain facts and relating them as cause and effect, he suggests that man is 
very much what his diet allows him to be, since his diet will mfluenoe greatly 
the endocrine glands. 

Whether the author’s views are accepted or not, readers will be interested 
in the unusual and important facts about food here presented, and very 
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pcMSHsibly stimulatod to vigorous reactions to the opinion expretMed as to the 
far-reaching effects upon character of variations m diet. 

Such headings as “ Metabolism of Leadership/* “ Lime and the Neurotic 
Constitution,” ” Unbalanced Diets and Unbalanced Minds,*’ give some 
indication of the kmd of problems tackled, though they con give no idea 
of the almost convmcing way in which these propositions are put forward. 
Is a ” wonder child ” a ” water plus individual ** or a drowsy apathetic one 
a ” water minus individual *^'? Can a person insensitive to social feelmg 
and slow to accept new customs be converted mto a more sociedly conscious 
and conforming person merely by increasing the calcium m his diet ? These 
are some of the questions asked and answered. Sufferers from gout may 
get some comfort from learning that gout and genius often go together, whilst 
those not so intelligent may be encouraged by the suggestion that brains 
may prove as susceptible to feeding aa are the larvae* of bees, which, as is 
well known, develop into queens or workers according to their diet. 

Here is a provocatively interesting book for all, more part^iculorly, of 
course, for those interested in the fundamental problem of right feeding. It 
asserts that the fullest development of the individual will only come with 
his eulequate and proper feeding. It emphasises the necessity of securing 
for the children the proper start in life given by scientific feedmg, which 
would mean ” incalculable returns in increased ability of production, splendour 
of life and a superb quality of happiness that is to-day almost inconceivable.” 

w. c. c. 


Recent Advances in Sex and Reproductive Physiology. By J. M. 

Robson, M.D., B.Sc., F.R.S.E. [Pp. ix 4* 249, with 47 figures.] 
(London : J. A A. Churchill, 1934. 12s. fid. net.) 

Skx is one of the cardinal facts of biology, but it is only during the present 
century and more especially during the poet-war years that its scientific 
mvestigation has been systematically pursued. This book summarisee our 
present knowledge of the female sex cycle and of the various hormones which 
control it. Naturally, a promment place is taken by oestrin, the one hormone 
of the group which has been isolated m a pure crystalline form. But the 
hormones of the corpus luleum and of the anterior lobe of the pituitary or© 
also familiar figures which are constantly bemg encountered. The book 
should intenM5t a large variety of readers, biochemists, physiologists, biolo¬ 
gists, even psychologists should find matter for thought in its pages, whilst 
to the clinician the results which have been obtained are potentially, if not 
actually, of the highest value and importance. This clearly written summary 
of our present knowledge comes opportunely at a moment when the very 
large number of mvestigations, some good, some bod and others indiiffeorent, 
have made it almost impossible for any but an expert on the subject to form 
a balanced picture of an important branch of knowledge. 

W. O. K. 

HISTORY OF SCIENCE 

A Leechbook or CoUoction ol Medical Recipe* of the Fifteenth 
Century, Transenbed and edited by W. R. Dawson. [Pp. 
VI -f 344.] (London: Macmillan A Co., Ltd., 1984. 20®. net.) 

Thb manuscript, of which this work furmshes the text and a transcript, is 
the property of the Medical Society of London and dates from the reign of 
Henry VI probably havmg been written in 1443 or 1444. It is a compilation 
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largely baaed on the De MedicamerUis of Maroellua Empiricus, itself a com¬ 
pilation of the fifth century. The work is published for the Royal Society 
of Literature imder the terms of Dr. Richard's Trust and comprises an intro¬ 
duction of seventeen pages, in which the editor discusses the characteristics 
of the manuscript; a reproduction of the text itself; and a transcript into 
modem spellmg. 

The editor comments on a striking feature, having regard to the date of 
the manuscript, namely the absence of magical charms, and this enlightened 
point of view is emphasised by the frankness with which the author adds 
to one recipe the statement that by God's grace a cure would be effected. 

Nevertheless, it is sometimes surprising to find to what remedies there 
is added the phrase Probalum Mi, Such “ proven remedies " include the 
powdered ashes of a March Haro for the stone, or the following for restoring 
the growth of hair : The head is shaved and washed with an infusion of 
Maidenhair, oak-rind and Horchoimd, then anointed with honey and a 
powder made of burnt rat’s dung, goat’s hoofs, chestnut rmds, nut shells of 
the Indies. “ Use this nine days for it failith not." 

The doctnne of signs is naturally m evidence m some of the recipes though 
fewt^r perhaps than might have been expected. Such, for instance, is the use 
of Saxifrage seed and (Gromwoll) Lithospermum seed for the stone. Several 
remedies bear witness to the belief in the hypothesis that like cures like. 
Thus an interesting version of the " hair of the dog that bit you " is a recipe 
for a dog bite which consists of a drink prepared of Cress and Penny Royal 
accompanied by the pleicing of a hair of the offending dog upon the wound. 
Another example is furmshod by the use of an omtment of flies rubbed mto 
the wound as a cure for the bite of a spider. 

An appendix of fifteen pages contains prescriptions from a Tudor manu¬ 
script in the author’s possession. 

A perusal of these recipes gives one on admirable picture of the state of 
medical knowledge at this period and the author has carried out ostimably 
the task of rendering this work available to a wider pubhe. 

E. J. S. 

On a Naw Chemical Theory and Researches on Salicylic Acid. 

Papers by Archibald Scott CkiupxR (1868). [Pp. 46.] (Edin¬ 
burgh : Oliver & Boyd, for the Alembic Club ; London : Gurney 
& Jackson, 1933. 2s. 6d.) 

No. 21 of the well-known Alombic Club Reprints contains translations of 
Couper’s two contributions to the Comptes Rmdu$ of 1868, namely, his note 
" Sur uno Nouvelle Th^orie Chimique " (C.JR.t 1868, 46, 1167) and his paper 
"Recherohes sur L’Aoide Salicyliquo " 1107). The Enghsh version 

of the latter (Edin. New Phil, J., 1858, 8, 213) is also repnnted, as it differs 
fmm the French in some respects. Couper evidently wrote the French 
version first, and changed from C =* 6 to C ^ 12 before publishing the English 
text. The French version of his more famous memoir appears to have been 
written a little later than the English " On a New Cliemical Theory " (PhiL 
Mag,y 1868, 16> 104), and paragraphs in the former have been translated 
and inserted here in the reprint of the latter. 

The appearance of this reprint is a welcome tribute to Ooupor’s great 
genius, a genius fnistrated by disappointment and ill-health. If Wiirts, to 
whom Couper handed his paper for submission to the Academy, hod been 
a member of that body or had not been dilatory in passing it to Dumas for 
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presentation, we should credit Couper, rather than Kekul^, with the theory 
of the linking of carbon atoms in organic molecules. As it is, Kekul6’s paper 
preceded Ck>uper’8 by a mere matter of weeks; but the consequences of 
Wiirtz’s delay had a tragic effect on Couper’s sensitive nature and may well 
have been to some extent the cause of those mental troubles that led lum to 
terminate his chemical researches. 

This number is an important addition to a most valuable series. 

D. McKib, 


Dsurwin. By R. W. G. Hinoston. Groat Lives Senes. [Pp. 144.] 
(London: Gerald Duckworth & Co., Ltd., 1934. 2s. net.) 

This delightful biography of Darwin is certain to have a wide appeal. It 
gives a sympathetic account of the life of the great Naturalist whose work, 
perhaps above all others, is both an example to men of science and an 
encouragement to amateurs. Tlirough determination, unswerving accuracy, 
and marvellous powers of generalisation, Darwin made one of the great 
intellectual advances of the age; yet the expenmonts by which he so con¬ 
stantly tested his deductions were of the simplest, and his apparatus such 
as any ordinary house can provide. 

It 18 surprising that the author has mode such an attractive story from 
a life which, apart* from one great adventure, was singularly uneventful. 
He might easily have given undue prominence to the voyage of The Beagh, 
or else written rather a dull book : in fact he has done neither. His picture 
of a man rising to the greatest heights by mental quahties of an unspectacular 
kind, handicapped by ill-health and the gradual loss of all SBSthetic feeling, 
18 indeed one of uncommon interest. 

No man’s work has formed a more integral part of his life than did 
Darwm’s, and it is inevitable that considerable space in this biography should 
bo devoted to discussing it. In so far as the account deals with its contem¬ 
porary aspect, it 18 excellent; but the comments on its present value are 
not imexceptionable. Certainly the author’s cnticism of sexual selection 
will be thought on the whole well founded, but his lukeweum support of 
natural selection itself seems less easy to justify. His statement that “ it 
18 , indeed, little further theua where Darwm left it ” (p. 89) makes curious 
readmg to anyone famihar with the great and absolutely fundamental ad¬ 
vances in the analysis of this process achieved by Fisher, Haldane, and others 
during the last few years. 

The most signiheant change since Darwin died is in our knowledge of 
heredity : one of the fundamental principles upon which his theories depend. 
No attempt to assess its effect is here made. It may be that such was thought 
out of place m a biography, though some post-Darwinian work is in fact 
mentioned (p. 91). But m one instance at least the omission is serious. 
The author rightly stresses the cnticism of Fleeming Jenkin, that new od- 
vantag€H)u8 variations must be swamped by intercrossing with the normal 
form. It was the most damaging objection to the theory of selection ever 
raised ; the one to which Darwm himself bowed. It is imperative in any 
book on this subject to point out that now heredity is known to be particulate, 
instead of blendmg as Darwin supposed it to be, this outstanding difEoulty 
has ceased to exist. Thus it is no longer necessary to suppose that new 
useful characters must be inaugurated afresh in many individuals simul- 
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taneously. Using modem terminology, it may bo said therefore tliat the 
direction of mutation does not control the course of evolution. 

E. B. F. 


MmCELLAKEOUS 

Smoke and the Atmosphere. Studies from a Factory Town. By 
J. R. Ashworth, D.Sc. [Pp. xii -f 131, with 30 figures.] (Man¬ 
chester : at the Umversity Press; 1933. 7s. fid. net.) 

Ah abuse which is intimately connected with industrial and domestic life is 
more difficult to suppress or mitigate than one m which only private interests 
are involved. 

It is for this reason that any attempt at drastic legislation to stop the 
emission of smoke has received little encouragement firom those m authority. 
Yet the nuisance is very generally recognised. There is a Smoke Abatement 
Society which carries on an active propaganda, there is a Government Depart¬ 
mental Committee on atmospheric pollution under the direction of Dr. J. S. 
Owens, which records systematic observations of impurities in the air. 
Books, pamphlets and letters to the Press on the subject are oonstantly 
appearmg. 

But, when all has been said and done, the smoke cloud still hovers over 
our cities (not always industrial), slowly descending and disseminating its 
sooty contents. In writmg of this ever-present nuisance, it is only fair to 
say that those connected with the fuel, gas, and electrical industries have 
m many instances succeeded m producmg effective smokeless heating appli¬ 
ances. There is nevertheless a certam unmtelbgent scH^tion of the community 
who still adhere to coal because it gives a cheerful blaze, regardless of the 
dirt from which they and their neighbours suffer, for it is the domestic hearth 
wluoh IS the chief criminal. The volume before us on “ Smoke and the 
Atmosphere ** by Dr. Ashworth belongs to a rather different category from 
the ordinary book or pamphlet on the smoke nuisemce. It is the record 
of a very careful estimate, extending over many years, of the solid matter 
in the atmosphere by the use of ingemously contrived apparatus. The ex¬ 
periments were carried out at Rochdale, which for the author’s purpose may 
be regarded as a typical mdustnal town ; for it contains within the radius 
of a mile no less than IfiO to 170 mill chimneys. 

There are chapters on the solid matter earned down by ram and its 
distribution in town and suburbs; the amount of solid matter carried 
and deposited by wind; the amount of daylight obscured by atmospheric 
particles and many other statistics, possibly of more interest to the meteor¬ 
ologist than to the ordinary person. The author has some criticisms to offer 
of what is known as the Stimdard Gauge used by the Air Pollution Committee 
for collecting ram water and which takes no account of the dust raised by 
wind, some of which must add to the solid content of the vessel. 

It seems to the reviewer a little misleading to calculate the results on a 
basis of tons to the square mile from the minute quantity of solid collected 
within a few square feet, a process which might be compared with the esti¬ 
mation of the quantity of valuable ore in a very extensive region from a few 
ounces found in one particular spot. 

Dr. Ashworth has done a valuable piece of work in this summary of his 
records and in the many pamphlets and papers he has published on the 
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subject of atmospheric impuritio8» if it only served to keep alive public interest 
in this important matter. 

J. B. C. 

Differesizierungserscheinungen in einigen alrikanisohen Gruppen. 

Em Beitrag zur Frage der primitiven IndividualiUit. By Dr. Sjokbd 
Hofstra. [Pp. vui 4* 214.] (Amsterdam: Scheltema A; Holkema, 
1933.) 

This is a clear and valuable litllo monograph on a subject which has caused 
considerable debate among anthropologists,—the position of the individual 
m primitive society. The subject is a big one and the author has wisely 
restricted himself in this volume to Africa, but it is to be hoped that at 
a later date he will contmue the study over a wider field—the Pacific for 
instance should prove a specially fruitful source. Wo should like to express 
gratitude that the author has written m German since Dutch w not a language 
with which students are usually acquainted. The general plan is simple 
and straightforward, though an index would have been welcome. The first 
chapter is devoted to a general statement of the problem, and a brief r^um6 
of the conflicting views of authorities. In the succeeding chapters the 
problem of the individual m the various categories of primitive life is de¬ 
veloped and discussed. The selected divisions are first social life, secondly 
religion, magic and medicine, and finally what may be roughly translated 
as folklore, that is tales, songs, and proverbs, the primitive equivalent of 
literature. The book closes with a general summary and a bibliography. 
The work is especially notable for the careful and cntioal use winch the 
author makes of his authorities. 

L. H. D. B. 


Pagan Survivals in Mohammedan Civilisation. By Edward 
Westermarck, Ph.D., Hon. LL.D. [Pp. vui 4* 190, with 74 figures.] 
(London: Maomilleui A Co., Ltd., 1983. 8s. 6d. net.) 

Islam, like Chnstondom, affords numerous examples of beliofr and practices, 
popular and otherwise, which are not organically a part of the official creed 
€wid ritual. In these ItHitures Prof. Westermarck has analysed these elements 
and shows that they are either survivals from a pro-Mohammedon stage of 
religious belief, or have been incorporated in Mohammedanism traditionally, 
but are of an extraneous origin. Not unnaturally, in view of his intimate 
knowledge of Morocco, he has directed his attention particularly to Moham¬ 
medanism as it IS foimd m Egypt and North Africa, rather than in Arabia 
and the East. His selection of this area is, however, justifiable on other 
grotmds, for it provides a peculiarly favourable body of material for the 
study of survivals. In Morocco a population indigenously Mediterranean 
has been subjected to the influence of Egypt, Carthage, Rome, the Vandals 
and the Arabs, while there has been throughout a steady, if not a too easily 
defined, inflow from negro Africa. The reference to Sudanese influence in 
the author’s study of the belief m jinn is suggestive, although the remarkable 
product which has resulted from the amalgamation of these various cultural 
streams is perhaps best illustrated m his analysis of Berber and Roman 
survivals in the New Year and analogous calendrioal rites. 


E. N. F. 



BOOKS RECEIVED 

{Publishers are requested to not^y prtces) 

Elementary Dynarmes. For StuclcntH of Science and Enginoenng. By 
Robert Cochran Gray, M.A., D.Sc., Companion I-#©cturer on 

Applied Phy«ic« m the University of Glasgow. London : Macmillan 
& Co., Ltd., 1934. (Pp xii -f- 211, with 94 figures.) 5s. 

Differential Equations. By H. B. Phillips, Ph.D., Professor of Mathematios, 
Massachusette Institute of Technology. Third edition. New York ; 
John Wiley A Sons, Inc ; London ; Chapman A Hall, Ltd., 1934. 
(Pp. vi f 125, with 17 figures.) 10®. 6d not. 

Hightsr Mathematics for Engineers and Physicists. By Ivan S. Sokolnikoff, 
Ph.D., Assistant Professor of Mathematics, University of Wisconsin, 
and Elizabeth S. Sokolnikoff, Ph.D., formerly Instructor in Mathematics, 
University of Wisconsin. New York and London : McGraw-Hill Book 
Co., Inc., 1934. (Pp. xiv -f 482, with 121 figures.) 24s. net. 

The New Background of Science. By Sir James Jeans, M.A., D.Sc., Sc.D., 
LL.D., F.R.S. Second edition. Cambridge : at the University Press, 
1934. (Pp. viii 4- 312, with frontispiece and 9 figures.) 7s. 6d. not. 

Til© Architecture of the Universe. By W. F. G. Swann, A.R.C.S., M.A., 
D.Sc., Director of the Bartol Research Foundation of the Franklin 
Institute. New York and London: Macmillan & Co., Ltd., 1934. 
(Pp. xii 4 - 428, with 23 figures.) 16s. not. 

Red-Shifts m the Spectra of Nebulro. Being the Halley Lecture delivered 
on 8 May 1934. By Edwin Hubble. Oxford : at the Clarendon Press ; 
London : Humphrey Milford, 1934. (Pp. 17, with 4 figures.) 2s. net. 

Grundriss der Spharischen imd Praktischen Astronomic. By Dr. Friedrich 
Becker, Observator an der Umversitkts-Stemwarto zu Bonn. With 
contributions by Dr. B. Sticker and Dr. O. Wachtl. Berlin and Bonn : 
Ford. Diimmlers Verlag, 1934. (Pp. 167, with 69 figures.) RM,4.80, 
stiff paper covers ; RM.6.50, bound. 

Introduction to Modem Physios. By F. K. Richtmyer, Professor of Physics 
at Cornell University. Second edition. International Series in Physics. 
New York and London; McGraw-Hill Book Co., Inc., 1934. (Pp. 
xviii + 747, with 222 figures and 6 plates.) 30«. net. 

Heat, Light and Soimd. Book I. By E. E. Whitehead, M.Sc., Senior 
Physios Master, Leyton County High School for Boys. Modem School 
Physios. Xiondon: George G. Harrap ic Co., Ltd., 1934. (Pp. 256, 
with frontispiece and 149 figures.) 2s. 6d. 

379 



380 BGIENOE PROGRESS 

Heat, Light and Sound. Book II. By E. E. Whitehead, M.Bo., Senior 
Physicss Master, Ijoyton County High School for Boys. Modem School 
Physics. London : George G. Hairap A Co., Ltd., 1984. (Pp. 298, 
with frontispiece and 148 figures.) 2s. 9d. 

Properties of Matter. By A. E. Goddard, M.Sc., F.C.S., Senior Physics 
Master, Alderman Newton's Boys* School, Leicester, and H. P. Boulind, 
M.A., B.Sc., Physics Master, Cambridge and County High School. 
Part I. London: Methuen & Co., Ltd., 1934. (Pp viii -f 119, with 
63 figures.) 4s. 

Electromagnetism, By Hector Munro Macdonald, M A , F.R.8., Professor 
of Mathematics in the University of Aberdeen London : G. Bell & 
Sons, Ltd., 1934. (Pp. xvi -f 178.) 12s. 6d. net. 

The Prewjtice of Absorption Spectrophotometry with Hilger Instruments. 
By F. Twyman, F.Inst.P., F R.8., and C. B. Allsopp, M.A., Ph.D. 
Second edition. London : Adam Hilgor, Ltd., 1934, (I*p. 140, with 

45 figures, including 17 plates.) 12s. 6d. not. 

Modern Acoustics. By A. H. Davis, D.Sc., Principal Scientific Officer in 
the Physics Department, the National Physical Laboratory. London : 
G. Bell & Sons, Ltd., 1934. (Pp. xii -f 345, with 8 plates and 104 
figures.) 26s. net. 

Relativity Thermodynamics and Cosmology. By Richard C. Tolman, 
Professor of Physical Chemistry and Mathematical Physics at the Cali¬ 
fornia Institute of Technology. The International Series of Monographs 
on Physics. Oxford : at the Clarendon Press ; London : Humphrey 
Milford, 1934. (Pp. xvi + 602, with 13 figures.) 30s, net. 

Thermionic Emission. By Arnold L. Reimonn, B.Sc., Ph.D,, F.Inst.P., 
member of the Research Staff of the General Electric Co., Ltd., and of 
the M.O. Valve Co., Ltd., Wembley. London : Chapman A Hall, Ltd., 
1934. (Pp, XU 4“ 324, with 64 figures.) 21s. net. 

The Diffraction of X-Rays and Electrons by Amorphous Solids, Liquids, 
and Gases. By J. T. Randall, M.Sc., member of the staff of the Research 
Laboratonos of the General Electric Co., Ltd., Wembley. London : 
Chapman A Hall, Ltd., 1934, (Pp. xii -f 290, with frontispiece and 
197 figures, including 30 plates.) 21s. net. 

Altematmg Currents. By Leo T. Agger, B.E., Head of the Electrical 
Engmeering Department at the Municipal College, Leigh. London; 
Macmillan A Co, Ltd., 1934. (Pp. viii -f 204, with 146 figures.) 6s. 

Thorpe’s Dictionary of Applied Chemistry. Supplement: Vol. I. A-M. By 
Jocelyn Field Tliorpe, C.B.E., D.So., F.R.S., F.I.C., Professor of Organic 
Chemistry and Director of Organic Laboratories, Imperial College of 
Science and Technology, and M. A. Whiteley, O.B.E.. D.Sc., F.I.C., 
Assistant Professor of Organic Chemistry, Imperial College of Science 
and Technology. London, New York, Toronto: Longmans, Green 
A Co., 1934. (Pp. xxii 4- 680, with illustrations.) 60s. net. 

Germon-English Chemical Terminology. An Introduction to Chemistry in 
English and German. By Alexander King, M.Sc.. A.R.C.S., D.I.C., 
Chemistry Department, Imperial College of Science and Technology, 
London, and Dr. Hans Fromherz, Pnvatdozent ftir physikafisohe Chemie 
an der Universit&t Miinchen. London ; Thomas Murby A Co.; Leipzig, 
Max Weg, 1934. (Pp. xvii 4- 324.) 12s. 6d. net. 



BOOKS EECEIVBD 


381 


The Kinetic Theory of Gaaee. Being a text- and reference book whose pur¬ 
pose is to combine the olaasical deductions with recent experimental 
advances in a convenient form for student and investigator. By Leonard 
B. Loeb, Professor of Physics in the University of California. Second 
edition. New York and London : McGraw-Hill Book Company, Ino., 
1934. (Pp. XX + 6B7, with 85 figures.) 36s. net. 

The Kinetic Theory of Gases. Some Modem Aspects. By Martin Knudsen* 
Professor of Physics in the University of Copenliagen. Methuen’s 
Monographs on Physical Subjects. London : Methuen Sc Co., Ltd., 
1934. (Pp. viii + 64, with 20 figures.) 2s. 6d. net. 

The Adsor|ition of Gases by Solids. By S. J. Gregg, B.Sc., Ph.D., Assistant 
Lecturer m Chemistry, University College, Hull. Methuen’s Monographs 
on Chemical Subjects. London : Methuen Sc Co., Ltd., 1934. (Pp. 
viii -f 120, with 15 figures.) 2s. 6d. not. 

The Fundamentals of Chemical Thermodynamics. Part II : Thermo¬ 
dynamical Functions and Their Applications By J. A. V. Butler, 
D.Sc. (Birmingham), Lecturer in Chemistry in the University of Edin¬ 
burgh. London: Macmillan Sc Co., Ltd, 1934. (Pp. x -f 271, with 
43 figures.) Bs. 6d. 

The Eleotromo Structure and Pro|K'rties of Matter. Being Vol. I of A 
Comprehensive Treatise of Atomic and Molecular Structurt^ By C. H. 
Douglas Clark, M.Sc., A.H.C.S., D.I.C., Assistant Lecturer in Inorgamc 
Chemistry in the University of Leeds. London ; Chapman & Hall, Ltd., 
1934. (Pp. XXVI 4- 374, with 33 figures.) 2\s, net. 

The Chemistry of Petroleum Derivatives. By Carleton Ellis, Industrial 
Research Chemist. New York ; The Chemical Catalog Co., Inc., 1934. 
(Pp. 1285, with 48 figures.) $18.00. 

The Natural Organic Tannins. History: Chemistry: Distribution. By 
M. Nieronstein, D.Sc., Reader in Bio-Chemmtry in the University of 
Bristol. London : J. dt A. Churchill, Ltd., 1934. (Pp. viii -f 319.) 
21tf. net. 

Intmduction to PhysioJogical Chemistry. By Meyer Bodansky, Ph.D., 
Director of Laboratories, John Sealy Hospital, Galveston, and Professor 
of Pathological Chemistry, University of Texas. Third edition. New 
York: John Wiley Sc Sons, Inc.; London : Chapman Sc Hall, Ltd., 
1934. (Pp. xii 4- 662, with 39 figures.) 25s. net. 

Annual Review of Biochemistry. Vol. III. Edited by James Murray Luck, 
Stanford Umversity. Stanford University, California: Stanford Uni¬ 
versity Press; London: H. K. Lewis Sc Co., Ltd., 1934. (Pp. 
viii + 55B.) $5.00. 

The Hardness of Metals and Its Measurement. By Hugh O’Neill, D.Sc., 
M.Mat*, Senior Lecturer in Metallurgy m the Victoria Umversity of 
Manch^ter. London : Chapman Sc Hall, Ltd., 1934. (Pp. xiv + 292, 
with 119 figures, including 24 plates.) 25«. net. 

A Practical Chemistry. For Higher School Certificate and Intermediate 
Students. By G. P. McHugh, M.Sc., Ph.D. (Lond.), M.Ed. (Dunelm), 
Head of Aristotle Road L.C.C. Commercial and TechmcaJ Institute. 
London, New York, Toronto: Longmans, Green Sc Co., 1934. (Pp. 
viii 4- 117, with 17 figures.) 2s. 9d. 



382 SCIENOS PEOaRESS 

Outlines of Physical Geology. By Chester R. Longwell, Professor of Geology, 
Adolph Knopf, Professor of Physical Geology, and Richard F. Flint, 
Assistant Professor of Geology, Yale University. New York; John 
Wiley Sc Sons, Inc. ; London : Chapman Sc Hall, Ltd., 1934. (Pp. 
vi + 356, with frontispiece and 207 figures.) 18s. 6d. net. 

Tertiary Faimas. A Text-book for Oilfield Paleontologists and Students of 
Geology. Vol. II: The Sequence of Tertiary Faunas. By A. Morley 
Davies, D.Sc., A.R.C.S., F.G.S., Hon.F.R.G.S., Reader in Palaeontology 
m the University of London'(Imperial College of Science and Technology), 
London : Thomas Murby Sc Co., 1934. (Pp. x -f 262, with frontispiece 
and 28 figures.) 15^. net. 

A Textbook of General Botany for Colleges and Universities. By Richard 
M. Holman, Associate Professor of Botany in the College of Letters 
and Science of the University of California, and Wilfred W. Robbins, 
Professor of Botany in the College of Agriculture of the Umversity of 
California. Third edition. New York: Jolm Wiley Sc Sons, Inc. ; 
London : Chapman Sc Hall, Ltd., 1934. (Pp. xvi -f 626, with frontis¬ 
piece and 463 figures.) 26^. net. 

Plant Chima3ra8 and Graft Hybnds. By W. Neilson Jones, Hildred Carlile 
Professor, University of London. Methuen’s Monographs on Biological 
Subjects. London: Methuen Sc Co., Ltd., 1934. (Pp. viii + 136, 
with 21 figures.) 3s. 6d. net. 

The Families of Flowering Plants. 11. Monocotyledons. Arranged accord¬ 
ing to a new system based on their probable phylogeny. By J. Hutchin¬ 
son, F.L.S., Assistant m the Herbarium, Royal Botanic Gardens, Kow. 
London: Macmillan Sc Co., Ltd., 1934. (Pp. xiv 4- 343, with 107 
figures.) 20s. net. 

Identification of the Timbers of Temperate North America. Including 
anatomy and certain physical properties of wood. By Samuel J. Record, 
M.A„ M.F., Sc.D., Professor of Forest Products, Yale University. New 
York : John Wiley Sc Sons, Inc.; London : Chapman A Hall, Ltd., 1934. 
(Pp. X -f 196, with frontispiece, 6 plates and 47 figures.) 18s. 6d. net. 

Principles of Animal Biology. By A. Franklin Shull, Professor of Zoology 
in the University of Michigan. With the collaboration of George R. 
Larue and Alexander G. Ruthven. Fourth edition. New York and 
London: McGraw-Hill Book Co., Inc., 1934. (Pp. xiv -f 400, with 
frontispiece and 290 figures.) 21s. net. 

Eleotrokinetic Phenomena and their Application to Biology and Medicine. 
By Harold A. Abramson, M.D. American Chemical Society Monograph 
Series. New York : The Chemical Catalog Company, Inc., 1934. (Pp. 
331, with frontispiece and 106 figures.) $7.60. 

Cellular Respiration. By Norman U. Meldrum, M.A, (Edin.), Ph.D. 
(Cantab.), Beit Memorial Research Fellow, the Biochemical Laboratory, 
Cambridge. Methuen’s Monographs on Biological Subjects. London : 
Methuen Sc Co., Ltd., 1984. (Pp. xii -f 116, with 17 figures.) 3s. 6d. net. 

The Buckland Lectures. Third Series for 1982. The Natural History of 
the Herring in Scottish Waters. By Henry Wood, M.A., Ph.D., Senior 
Naturalist, Marine Laboratory of the Fishery Board for Scotland. 
Aberdeen t The Fishing News, 1934. (Pp. 36, with 7 figures and 2 
charts.) 6d. 



BOOKS RECBIVEB 


383 

Modes of Behavioral Adaptation in Chimpanzee to Multiple-choice Problems. 
By Robert M, Yerkee, Yale University. Comparative Psychology 
Monographs No. 47. Baltimore: The Johns Hopkins Press, 1934. 
(Pp. 108, with 8 figures.) $1.50. 

A Field Study of the Behavior and Social Relations of Howling Monkeys. 
By C. R. Carpenter, Yale University. Comparative Psychology Mono¬ 
graphs No. 48. Baltimore: The Johns Hopkins Press, 1934. (Pp. 168, 
with 16 plates and 3 figures.) $2.25. 

Essentials of Histology. Descriptive and practical. For the use of students. 
By Sir E. Sliarpey-Schafer, F.R.S., formerly Professor of Physiology 
m the University of Edinburgh. Thirteenth edition. Edited by H. M. 
Carleton, M.A., B.Sc., D.Phil., Lecturer on Histology in the University 
of Oxford. London, New York, Toronto : Longmans, Green & Co., 
1934. (Pp. X -h 618, with 721 figures and 2 plates.) 15s. net. 

Tlie Doctor and His Patients. By Albert Krecke. Ixindon : Kegan Paul, 
Trench, Trubner & Co., Ltd., 1934. (Pp. vi + 301, with 1 plate.) 
10s. 6d« net. 

Whither Medicine ? By Josef Loobel, Dr. Med. Translated by L. Mane 
Sievekmg and Ian Morrow. London : Sidgwick & Jackson, Ltd., 1934. 
(Pp. xii -f 296.) 7s. 6d. net. 

Mind and Nature. By Hermann Weyl, Institute for Advanced Study, 
Prmceton. The WiUiam J. Cooper Foundation Lectures 1933, Swarth- 
more College. Philadelphia: University of Pemisylvania Press; 
London : Humphrey Milford, 1934. (Pp. viii 100, with 12 figures.) 
6tf. 6d. not. 

The Endless Quest. Three Thousand Years of Science. By F. W. West- 
away. London and Glasgow; Blackie & Son, Ltd., 1934. (Pp. 
XX 4" 1080, with 48 plates and 193 figures.) 21«. not. 

Faraday. By Thomas Martin. Great Lives Senes. London: Gerald 
Duckworth & Co., Ltd., 1934. (Pp. 144.) 2*. net. 

Africa, A Social, Economic and Political Geography of its Major Regions. 
By Walter Fitzgerald, M.A., Senior Lecturer m Geography m the Victoria 
University of Manchester. London: Methuen & Co., Ltd., 1934. 
(Pp. xvi 4* 462, with 90 maps.) 16s. net. 

The Unity of Science. By Rudolf Carnap, Professor of Philosophy in the 
German University of Prague, Translated by M. Black. Psyche 
Miniatures, General Senes No. 63. London : Kogan Paul, Trench, 
Trubner & Co., Ltd., 1934. (Pp. 101.) 2s. 6d. not. 

General Sociology. By Henry Pratt Faircliild, Professor of Sociology, New 
York University. Wiley Social Soienco Senes. New York; Jolin 
Wiley A Sons, Inc. s London: Chapman A Hall, Ltd., 1934. (Pp. 
X -f 634, with 8 cliarts.) 2Zs. net. 

Habitat, Economy and Society, A Geographical Introduction to Ethnology. 
By C. Daryll Fordo, Professor of Geography and Anthropology in the 
University of Wales. London: Methuen A Co., Ltd., 1934. (Pp. 
xvi + 500, with frontispiece and 108 figures.) 16s. net. 



384 SOIBITOJB! PBOOBBSS 

Riuieiaii Sociology. A Contribution to the History of Sooiologiool Thought 
and Theory. By Julius F. Heoker» Ph.D. With a Foreword by Sidney 
Webb, P.C., LL.B. London: Chapman A Hall, Ltd., 1984. (Pp. 
xvi -f 313.) 8s. 6d. net. 

Three Essays on Sex and Marriage. By Edward Westennarok, Ph.D., 
Hon.LL.D. (Glasgow and Aberdeen), Late Martin White Professor of 
Sociology in the University of London. London : Macmillan A Co., 
Ltd., 1934. (Pp. X -f 353.) 12s. 6d. net. 

Human Sterilisation To-day. A Survey of the Present Position. By 

B. 8. Hodson, F.L.S. The Forum Series, No 10. London: Watts 
A Co., 1934. (Pp. viii + 60.) Cloth Is. net; l*aper 7d. net. 

Birth Control To-day. By Marie Carmichot^l Sto|>es, D.Sc. (London), 
D.Phil. (Munich). London : John Bale, Sons A Danielsson, Ltd., 1934. 
(Pp. 237.) 6s. net. 

The Ancestry of the Long-Lived. By Raymond Pearl and Ruth DeWitt 
Pearl, The Johns Hopkins University. Baltimore : The Jolms Hopkins 
Press; London; Humphrey Milford, 1934. (Pp. xiv -f 168, with 
frontispiece and 20 figures.) IZs. 6d. net. 

Rebel Destiny. Among the Bush Negroes of Dutch Guiana. By Melville 
J. Herskovits and Francos S. Herskovits. New York and London : 
Wluttleeey House, McGraw-Hill Book Co., Inc., 1934. (Pp. xviii -f 306, 
with 16 plates.) 12s. 0d. net. 

Modem Mmiature Cameras. By Robert M. Fanstone, A.R.P.S. London 
and Glasgow : Blackie A Son, Ltd., 1934. (Pp. x -f 70, with 12 plates.) 
3s. 6d. net. 

The Scientific Journal of the Royal College of Science. Vol. IV. London : 
Edward Arnold A Co., 1934. (Pp. 172, with illustrations.) 7s. 6d. 

Transactions of the Bose Research Institute, Calcutta. Vol. VIII, 1932- 
33. Biologiced and Physical ReHearches. Edited by Sir Jagadis Chunder 
Bose, M.A., D.Sc., LL.D., F.R.8., C.S.I., C.I.E. London, Now York, 
Toronto : Longmans, Green A Co., 1934. (Pp. vi + 260, with 131 
figures.) 21«. net. 

Abstracts of Dissertations for the Degree of Doctor of Philosophy. Vol. VI 
(October 1932-Dtxsomber 1933). Oxford: at the Clarendon Press; 
London: Humphrey Milford, 1934. (Pp. vi -f 303.) 3s. 6d. net. 

Uncle Joe’s Nonsense. For Young and Old Children. A Medley of Fun 
and Philosophy Reported by J. W. Mellor, Honorary Secretary of the 
Ceramic Society. London, New York, Toronto : Longmans, Green A 
Co., for the Ceramic Society, 1934. (Pp. xii + 231, with 127 illus¬ 
trations.) 12s. 6d. net. 

What is the Fourth Dimension t By Charles W. R. Hooker, O.B.E., M.A., 
B.Sc. London: A. A C. Black, Ltd., 1934. (Pp. viii -f 110, with 
frontispiece and 19 figures.) 5s. net. 



SCIENCE PROGRESS 

CLOUDS IN THE SKY AND IN THE 
LABORATORY 

By sir gilbert WALKER, C.8.I., Sc.D., F.R.S. 

The feeling aroused by beautiful Buiisets is so satisfying that some 
may dislike the idea of trying to analyse their physical meaning; 
and the pattern may be so complex as to make the task appear 
impossible. But at times the sky is covered with clouds of a 
uniform type that throws out an emphatic challenge. If we respond 
to it the conditions do not as a rule lend themselves readily to 
adequate mathematical analysis, and laboratory methods appear 
to offer the greatest promise of affording the clue. 

As far back as 1855 E. H. Weber noticed a polygonal pattern 
in a thin layer of a solution of gamboge in spirit; surface evapora¬ 
tion chilled the liquid so that the upper layers became heavier 
than the lower ; the equilibrium became unstable and some form 
of motion was inevitable. Subsequent experimenters, notably 
B6nard, have shown that when this motion has become steady it 
occurs in cells, usually pentagons and hexagons, with liqmd 
rising in the centre of each and descending at the interfaces between 
the cells. In 1920 Idrac published observations of the motion of 
unstable liquids along a slightly sloping trough. Owing to viscosity 
the liquid flowed more slowly near the bottom of the trough than 
at the free surface, so that there was shearing motion between 
the upper and lower layers. The combination of the instability 
with the shear produced long straight vortices, easily seen if there 
is aluminium powder in the volatile liquid employed: these are 
alternately right- and left-handed with their axes parallel to the 
direction of the trough and so to the direction of the shear. The 
general scheme will be seen in Fig. 1. 

It was inferred by both these investigators that their results 
would have application to cloud forms ; but there was little direct 
evidence, and there was the alternative analogy of ordinary sea 
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waves with their fronts at right angles to the velocity of the wind 
relative to the water. Accordingly current meteorological text¬ 
books generally accept the interpretation of long straight roll- 
clouds (Fig. 2) as forming in the horizontal interface between two 
air masses moving with different velocities, and the direction of 
the rolls is supposed to be perpendicular to the relative motion, 
or “ transverse ” as it may be called. 

Now from time to tinite a cloud-gazer will see a series of parallel 
rolls weakening by degrees and gradually being replaced by a series 
of rolls at right angles to them ; when the transformation is half¬ 
way towards completion there is a crossed pattern. The change 
takes about five minutes and in the next five minutes there may 
be a similar change back to the original system of rolls. Six years 
ago an observation of this kind and the frequent occurrence of 
rectangular patterns convinced me that 8}^tems of parallel rolls are 



not due to Helmholtz waves; for this would demand that the 
direction of relative motion above and below the cloud should 
always jump through a right angle and this is inconceivable. A 
further laboratory investigation was needed, using air instead of a 
liquid and trying various rates of shear. Three pupils in succession 
have carried on the work. The first, S. Mai, only got definite 
results with hquids. But A. C. Phillips and 1 met with some 
success when using a shallow wind channel, with a heated steel 
bottom and a glass top, through which air could be drawn by a 
fan. The length was 20 cm., the width 15 cm. and the height 
6 mm.; and the motion was made visible by titanium tetrachloride. 
If the air was allowed to come to rest the polygonal pattern was 
that shown in Fig. 3. When the fan was rotating, however, 
although results of interest were obtained, the conditions were 
scarcely comparable with those in the sky, where there is in general 
only one layer of shear between two air-masses travelling with 
different velocities, whilst we had two layers of shear in opposite 
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directioDB. A change of plan was necessary and A. Graham used 
a stationary heated iron bottom with a top formed by a long glass 
plate which was drawn along at a constant rate. When con¬ 
ations had become steady and the speed of the glass plate was 
over 2‘5 cm. a second, the space was filled with pairs of straight 
vortices, with alternately right- and left-handed rotations, and 
their axes parallel to the motion, or “ longitudinal.” (See Fig. 4, in 
which, as in Figs. 6 and 6, the plate moves from left to right.) 
The combination of forward and rotational motion in a vortex 
means that the path of a particle is spiral, and when the tobacco 
smoke used was unevenly distributed the stream lines of smoke 
could be seen in spiral pattenui. 

On giving the glass plate a somewhat slower motion a rect¬ 
angular pattern (Fig. 5) was produced, the lines of the cloudlets 
being at times parallel and perpendicular to the shear, and at 
times inclined at 45 degrees to it. 

K the velocity of the glass plate was reduced still further, there 
formed a system of vortices at right angles to the motion, or 
“ transverse ” (Fig. 6); and in these again the motion was alter¬ 
nately in opposite directions. Thus while half of them behaved 
like rollers between the upper and lower surfaces of the channel, 
half of them were rotating against the relative motion. With 
these transverse vortices there was no motion of translation along 
the axis, so that spirals did not appear. 

It is important to notice that in Figs. 4 and 0 the vortices 
occur in pairs, each pair being separated by a distinctive line of 
demarcation from other pairs : wo are in fact deabng with units 
formed of two oppositely rotating vortices, and these units may 
be called ” celb.” Even in Fig. 3 these can be made out; and as 
we watch the development of the polygons from the pattern of 
fairly straight cells produced when smoke is drawn into the trough, 
we see that, as the velocity dwindles to xero, kinks appear here 
and there convulsively until the linear cells have all been replaced 
by polygons. 

Let us now see what light these laboratory experiments throw 
on phenomena in the sky, and let us refer again to Fig. 1. In the 
laboratory we limit the motion vertically as in the slab there 
sketched, and introduce the smoke half-way up, so that it scarcely 
reaches the top and bottom boundaries. Accordingly in each cell 
we see two sharply marked white rolls. But in the sky there is 
nothing to guarantee that the condensation into cloud, which 
corresponds to the smoke, will occur in the plane through the 
axes of the vortices. The regions of ascending air are at A and C 
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while descent occurs at B ; so we usually see a long strip of cloud 
above the central lines of the cells at A and C, while above B, 
between the cells, the air is descending and we have blue sky. 
Similarly in rectangular, transverse and polygonal cells we usually 
have the interfaces between the cells indicated by blue sky, and 
the area within covered by cloud which is frequently ill defined 
at its margin: accordingly in Fig. 2 each roll lies above the axis 
of a cell. On some days we have the situation illustrated in Fig. 7, 
in which the newly formed clouds have clean outlines and are 
uniformly white; but those evaporating show' then structure and 
the innate spiral texture appears; an example of the latter will 
be found in the cloud half-way up the photograph on the right side. 

The range between the maximum and minimum rates of shear 
for the formation of rectangular patterns seems to be rather small, 
for it is not very often that these are seen well developed at low 
and medium cloud heights : but in “ mackerel ” skies they are not 
rare. An example at a moderate height is given in Fig. 8 as seen 
from below, and one in Fig. 9 as seen from an aeroplane. The latter 
shows the dome-shaped upper surface that we should expect in 
condensation above an ascending current, and this explains a 
feature characteristic of all clouds formed by instability within a 
layer—that the upper edge appears more sharply defined than the 
lower. When seen from below obliquely, a ray of light from the 
upper margin runs tangential to the cloud’s rounded surface, so 
that a ray just below it has to travel through some thickness; 
but one from near the lower margin has but little thickness to 
penetrate and this edge appears woolly. The difference between 
the edges is well shown in Fig. 2. 

Transverse clouds are common at aU heights and are illustrated 
in Fig. 16. They can as a rule be distingui^ed from longitudinal 
by three features: 

(a) Transverse cells arise when the shear is very slight, and 
longitudinal when it is considerable. So any turbulenoe super¬ 
posed on the motion due to shear will produce large effects on 
the direction of a transverse cell, but small effects on that of a 
longitudinal cell. Accordingly transverse cells are often sinuous 
and resemble sand-ripples, while longitudinal are in general nearly 
straight. Another effect of the sluggiBh shear is that the rota¬ 
tion in the vortices may die out locally. Let us call d, d' the 
vortices of a cell D whose axis is marked by a strip of cloud, 
and e, e' the vortices of the next cell E, so that d, e rotate in 
the same direction, and d' lies between them. It may happ«i 



CLOUDS IN THE SKY AND IN THE LABORATORY 389 

that in a nearly stagnant area d, d' and e cease to be continuous 
udth their prolongations beyond the area. Then d' and e may 
join up to form a continuous vortex, the rotation being tmbroken 
because either d' or e must turn through 180° to form a con¬ 
tinuous curve. So d is free to run on into the prolongation of 
e, and the effect on the cloud strips above the ascending lines 
is that the strips D, E have joined and become continuous witii 
the prolongation of D. The prolongations of d and d' may join 
up as d' and e did, or they may become continuous with c and 
c', the vortices of the cell C adjacent to D on its other side. 
In other words the feebleness of the shear facilitates the joining 
up of adjacent cloud lines. 

(6) The surface markings on the vortices tend to be dis¬ 
tinctive. While those on longitudinal rolls are spiral, those on 
transverse rolls will be, as we have seen, perpendicular to the 
axis of the cell. 

(c) The length of a longitudinal cloud-roll, and the length 
of a longitudinal line bounding a cloud pattern, is much greater 
than that of a transverse roll. Consider a horizontal area in a 
steady current of air: a difference of humidity between two 
points P, Q in that area will, when the local conditions below 
are tolerably uniform, be determined mainly by past history or 
by the origin of the air. So points with the same humidity 
will tend to lie along the lines of flow. If then we have one 
steady current flowing above a feebler current roughly in the same 
direction, the lines of constant humidity will tend to lie along 
the lines of shear between the currents; and so the conditions 
are favourable for length in longitudinal rolls, or longitudinal 
boundaries, and unfavourable for great length in transverse rolls 
unless the distribution of humidity is abnormally widespread. 
Accordingly, while the length of longitudinal clouds may run 
into scores of kilometres that of transverse clouds is usually 
limited to one or two kilometres. 

In transverse, as in longitudinal clouds, the level at which con¬ 
densation occurs is generally higher than the plane through the 
axes of the vortices. But occasionally we have rolls occurring in 
pairs as sharply defined as the laboratory products of Fig. 6: 
there will be seen on the right-hand side of Fig. 14 a good example 
of such a pair, and a second pair of vaguer outline. 

Oorreeponding to the polygonal pattern which we have in the 
laboratory when there is no shear, the clouds are usually hexagonal 
or pentagonal, and well or ill defined according to the height of 
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the condensation, the latter being the more frequent. Fig. 10 is 
interesting not only for the good definition of the margins of the 
cells, but also because it suggests that wrinkles were left in the 
vortices when they were bent up into polygonal form. 

A curious fact may now be mentioned. In the laboratory 
when working with unstable liquids—either oil in a dish of which 
the bottom is heated or a volatile liquid of which the surface 
evaporates—it is found that the liquid rises in the centre of the 
cells whatever form they assume : but in air there is always descent. 

Now from the hydrodynamioal standpoint, assuming that the 
boundary conditions are the same at the top and bottom surfaces 
of the unstable fluid, a solution with ascent in the axes of the 
cells is the same, apart from sign, as a solution with descent; 
for the lower layers are trying to rise just as much as the upper 
layers are tr 3 ang to fall. So both solutions should be possible ; 
and we should expect that heating a liquid at the bottom and 
thereby setting up slight irregularities of temperature there would 
produce ascending streams above the hotter places, and so up- 
currents in the centres of the cells ; conversely, cooling the liquid 
at the top should produce down-currents in the centres. In point 
of fact, however, if we blow locally on to a small area in the centre 
of a circular dish of spirit, the steady motion set up is of ascent 
there. 

The ;>aradox has been studied by Graham, and his solution 
turns on the fact there is an initial motion which may not be 
identical with the steady motion which rapidly develops. The 
initial motion is of the nature that might be expected. Thus if 
hot water is poured into a dish and cold milk introduced over it, 
the milk descends initially in streams which show as circular dark 
patches, and I have seen circular holes in a sheet of cloud in very 
rough weather when a strong wind was blowing to ij over a high 
ridge. These holes were as sharply defined as those th the milk. 

Graham’s conclusion is that when the motion due to instability 
has become steady the vertical temperature gradient in the fluid 
is adiabatic, and hence that there will be a fairly sudden change 
of temperature either at the top or bottom. The question where 
will be settled by the boundary conditions, at which viscosity will 
play an important part. But while the viscosity of a liquid de¬ 
creases with temperature, that of a gas increases : so the viscosity 
of the air will be greater at the bottom of the layer and that of 
the liquid at the top. Now the rate at which energy is dissipated 
by friction per unit volume will be greatest in the layer of rapid 
transition where the temperature gradient exceeds the adiabatic, 
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and if the fluid is a gas will be greater if the sudden change occurs 
at the bottom than at the top. But in steady viscous motion the 
configuration is such as to make the rate of dissipation a minimum. 
Thus in air the change will occur at the top and minute patches of 
excess cold there will set up cold downward currents in the centres 
of cells : conversely in liquids upward currents will start from the 
lower boundary. 

In the sky we know too little of the bounding conditions to 
be able to dogmatise ; but we should certainly expect steady down- 
currents to bo produced occasionally in the centre of cells when 
the motion is steady. When these cells are longitudinal or trans¬ 
verse the reversal of the directions of rotation in Fig. 1 will not 
make much difference, except tliat cloud will appear above B and 
blue sky will be visible at A and C. In the case of square or poly¬ 
gonal cells, however, the cooling due to ascent at the margin will 
produce a strip of cloud there while the descending current in the 
centre will permit the blue sky to bo seen. Thus wo should expect 
these “ reverse ” clouds to show a “ reticular ” pattern, like that 
of netting ; and such clouds are of tolerably frequent occurrence, 
especially, I am told, in higher latitudes. In this country they 
may often be seen at cirrocumulus level, especially in the morning 
and evening: but they also form at ordinary altitudes. Clouds 
of this type are shown in Fig. 11. 

When we winsider the bounding surfaces of an unstable layer 
we naturally suppose that the upper one will be an inversion, 
above which the temiierature rises with altitude, and the air below 
being too cold, cannot ascend through it. Any turbulence in the 
region below will tend to equalise the ratio of water vapour to 
air in that region, and so to increase the relative humidity at the 
top of the region where the temperature is lowest; there is there¬ 
fore a tendency to form cloud there if anywhere. Now a layer 
of cloud will cool above by radiation into space, and will be heated 
below by radiation from the earth ; and these are the effects that 
will produce instability. This interpretation is confirmed by my 
own experience that well-defined polygonal patterns are more 
frequent in the morning and evening than at midday. Durst also 
found in the records more instability clouds on moonlit nights 
than in the daytime. In such oases it may be that the heating 
of the lower surface of the cloud would form an inversion there 
and act as a barrier. 

However, this explanation in terms of radiation is not free from 
difficulty. For it would lead us to expect in general the formation 
of a dense continuous cloud sheet before the broken-up pattern 
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appears, whereas the latter usually oome into being when there is 
nothing more than the thinnest of films. Also we cannot appeal 
to the radiation from and to a layer of air in which the wate) 
vapour, though abundant, has not condensed; for that radiation 
would scarcely be large enough. So it may be that as soon as the 
thin film forms it becomes unstable and breaks up, and that the 
subsequent growth takes place on this as basis. This may explain 
the observed fact that a patch of polygonal cloud often ftwtes out 
at its edges, and that the size of the polygons, being roughly pro¬ 
portional to the thickness of the unstable layer, there diminishes 
accordingly. This may be seen in Fig. 10. 

A conceivable auxiliary hypothesis is that the formation is 
aided by the radiation from and to dust-layers, which according 
to some authorities, play an important part in the formation of 
clouds. The only example that I have seen was in an aeroplane 
ascent over Berlin in the course of which at a height of 3 or 4 
kilometres we suddenly emerged into clear air through which the 
sun shone with surprising brilliance; the existence of the dust 
was imperceptible from below, but its upper margin was fairly 
sharp and, seen from just above, was light brown in colour. 

It may be that the lower boundary of the cells is at times not 
definite but of gradual transition , and also that at times the cells 
descend to the ground. For over tropical deserts we have daily 
a mass of unstable air extending upwards to a considerable height. 
Violent up-currents are produced and, in the absence of sufficient 
humidity to form cloud, show themselves by the dust that they 
collect. These dust-devils may be seen in large numbers from a 
hill, travelling over the plain, but I do not know whether they 
tend to occur in the regular pattern that we should expect if con¬ 
ditions were uniform over a wide expanse. 

Analogous cloud formations, with heights greater than their 
diameters, do however present themselves at times in patterns 
that are fairly regular. Thus in Fig. 12 we have a layer in which 
condensation makes the ascending columns visible, and at their 
summits, presumably at an inversion, there are denser masses of 
cloud. As a rule the columns though parallel are inclined. 

The question now arises whether cells of this type occur not in 
a skeleton but in a complete form, just as longitudinal cells may 
appear either as opaque rolls or as spirals. We are at once 
reminded of the type that we often see when moderately strong 
winds are blowing; these clouds are as dense as ordinary oonveo- 
tikm clouds but have their axes sloping forwards with the wind 
at a uniform inclination of something like 40°. The first thought 
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may be that this slope is the direct ooiisequenoe of oonveyanoe 
of different levels with the velocity of the air at these levels, the 
wind increasing with height. But such conveyance would imply a 
ocHitinually increasing angle between the axes and the vertical, 
and rapid disintegration ; the permanence of the slope and of the 
outline seems to indicate a definite velocity pattern, t.e. a cell 
formation. 

When we discuss structures with a thin fibrous axial portion 
surmoimtcd by a dense cloudlet, we are entering on controversial 
ground; for clouds of this type occur at all heights, and when 
at high or medium levels the axial portions are very often called 
“ Fallstreifen,” being interpreted m precipitation fixrm the clouds 
above them. Wegener maintained that practically all tliread-like 
cirrus was falling as precipitation: but to this view there are two 
objections. First that, as we see in Fig. 13, it often happens that 
there is no cloud from wliich the ice particles can fadl, in our 
view such a situation merely means lack of relative humidity or 
of condensation nuclei at the top of the ascending column. The 
second objection is that Wegener applies the term to the cirrus 
that forms the “ anvil ” above a thundercloud. Now its shape of 
an inverted cone is quite naturally explained as due to the air 
rising above the cloud and spreading out liecause its upward motion 
is checked by an inversion above the anvil. But if these cirrus 
threads are falling from a cloud it is hard to see why they should 
converge so rapidly as they fall. Also in general there is no cloud 
from which they can bo dropped. 

The forms of high clouds, being composed of ice particles, differ 
in important respects from those of lower clouds consisting of 
minute water drops. The threads of which many of them are 
made were perhaps originally stream lines, but they last for a 
considerable time, so that they get twisted and bent by turbulent 
motion, as in Fig. 13. Thus at cirrus level a series of longitudinal 
cells has the appearance not of solid rolls, but of a number of empty 
cells from a honeycomb; and a sheet made visible by the lines 
of ice particles may at times persist until it is rolled up into a 
conical form like the bell of a flower. Attractive effects are also 
produced when the axes of cells in lines at regular intervals undergo 
similar distortions : an example of flower-like products is given in 
Fig. 16. 

One of the commonest of patterns at oimis level is a narrow 
strip of cloud with thin lines projecting on each side almost at 
right angles to it and often slightly bent downwards. The strips 
may perhaps be due to condensation in such lines as A, C of 
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Fig. 1, combined with stream lines of condensation in the lines 
of outflow in the rotating cylindrical shells right and left of 
them. 

But there are many points still needing elucidation. Thus 
apparently it happens too often that in longitudinal cells showing 
spirals, instead of right- and left-handed screws occurring in equal 
numbers, there is an excess of one sign. It may be that conditions 
of visibility are responsible, but this scarcely seems an adequate 
cause in some cases. 

It will be seen that the study of cloud patterns has definite 
advantages. Although it is inevitably classified as meteorological, 
its demands for specialist knowledge are not severe. Most lovers 
of nature have qualifications enough; and though their country 
rambles will offer the best opportunities, they will find ample 
subjects for study in the cloudscapes visible from an open square 
or a house roof, even in a large city. The only equipment necessary, 
in view of the extreme rapidity of the changes, is a camera with 
a colour filter so that the photographic records may be examined 
at leisure. 

In conclusion I would express my obligations to J. Evershed 
for much help and for many hours of work in the dark-room, and 
to C. J. P. Cave and G. A. Clarke for allowing me to use their 
collections of photographs. I am also indebted to Harold Floreen 
of Cheyenne, Wyo., U.S.A., for Fig. 14. 



THE CORROSION OF METALS 

By U. R. EVANS, M A., Sc.D. 

A 8TBANGK feature of the teaching of chemistry in this country is 
the present neglect of its metallic province. Of the ninety-two 
elements, some seventy-two may be claimed as metals ; yet these 
seventy-two metals and their numerous compounds probably 
receive less attention than is bestowed on the compounds of one 
single non-metal, carbon. It may bo that those responsible for 
the allotment of time in the curriculum are hardly aware of the 
new developments in metallic chemistry, possibly because—in the 
sMlmirably executed abstracts issued by the Bureau of Chemical 
Abstracts—much of the new research on metals is assigned to the 
“ B ” series, which is rarely read by the pure scientist. Whether 
this is the reason or not, it is likely that the cwymmetric allotment 
of time is producing misconceptions among the rising generation 
of chemists, who come to believe that the laws and principles 
dominant in the part of the subject actually studied are general 
over the whole range of elements. Yet it may be doubted whether 
the doctrine of valency, as it is sometimes taught to chemists to-day, 
is very helpful in explaining the occurrence of such compounds as 
OuAl,, MgiCu or MgCut; and it is difficult to avoid misgivings about 
the teaching of the Law of Definite Proportions if the student is 
not warned of the numerous apparent exceptions ; if, for instance, 
he is left in ignorance of the fact established by Pfeil ^ regarding 
the substance known as “ fmrous oxide ’* and usually written as 
FeO, which is found to contain anything between 76-0 and 76’9 
per cent, of iron, but to become unstable before it reaches the 
iron content (77*7 per cent.) indicated by the formula FeO. 

The cases cited should not be taken to mean that metallic 
ohemistiy is an anarchical region, ungovemed by laws, but rather 
that its laws are different from those in force in that portion of 
chemistry which receives preferential treatment in the lecture- 
room. Many similar examples are met throughout metallic chemis¬ 
try, and nowhere so frequently as in the study of Corrosion—a term 
* L. B. Heil. J. Inn Steel InU., 1931, 123, 248. 
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which may be taken to cover all changes from the elementary con¬ 
dition into the combined state. Here we have a vast subject, 
the importance of which is impressed upon every user of metals 
by practical and financial considerations; it has indeed been 
calculated that the annual cost to the world of metallic corrosion 
exceeds the annual cost of armaments. That being the case, it is 
not surprising that the industrial chemist pays much attention to 
changes of this character. Yet the pure chemist regards them as 
matters of no interest to himself. This appears to be regretable, 
since, just because they are largely governed by factors different 
from those commonly operative in non-metallio chemistary, a short 
study of the processes involved in the destruction of metals would 
correct to some extent the lack of balance in the curriculum to 
which I have referred. 

In the teaching of physical chemistry, there has been, until 
recently, a tendency to approach the subject of chemical change 
from the standpoint of energy rather than of geometry. If a 
change would result in a decrease of free energy, that change, it 
was argued, is capable of occurring spontaneously; in calculating 
the velocity, the idea of critical energy increments was introduced 
and usually led to a rational and self-consistent interpretation of 
the measurements made in the laboratory. There is little doubt 
that, fundamentally, these conceptions apply equally well to the 
corrosion of metals. In some CMes, energy considerations become 
determinative; it may be doubted, for instance, whethm* the 
velocity of corrosion of the “ hydrogen evolution type ” can be 
calculated from basic principles without the use of quantum 
mechanics, on the lines suggested by GurneyBut in many other 
types of attack, the factor which actually limits the velocity of 
attack, or even decides between corrosion on the one hand and 
passivity on the other, is not any factor involving energy; more 
often these questions are decided by purely geometrical considera¬ 
tions, which determine the access of some substance to the metallic 
surface. 

To give an example. In the industrial process for recovering 
tin from tin plate scrap by moans of chlorine gas, the chlorine 
removes the tin quite readily as tin chloride, but when the iron 
basis is reached, the attack very conveniently ceases. This is not 
because chlorine has less “ affinity for iron than for tin; it is 
merely because tin chloride is a liquid or a gas, whereas chlorides 
of iron are, at the temperatures in question, soUds. CJonsequently 
as soon as the tin has been removed, the iron surface is converted 

1 B. W. Otirney, Proc. Roy. Soc. (A), 1831, 134, 187; 1932, 138, 378. 
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in situ to a layer of solid chloride, which protects the underlying 
metal from further attack. The truth of this explanation is seen 
when the material has been insufficiently dried ; in such a case, the 
iron also forms a liquid as the corrosion product, the chlorides of 
iron being extremely hygroscopic, and becomes seriously attacked. 

Other simple illustrations are to be found in a research by 
Parsons.^ This American experimenter tested the action of solu¬ 
tions of iodine in numerous organic liquids upon a series of metals. 
Whenever the iodide of the metal was capable of being dissolved 
(or peptised) by the liquid in question, attack proceeded freely; 
whenever the iodide remained on the metal as an undissolved 
solid, the attack was caused to slow down. But the arrest in the 
corrosion by the formation of a soUd corrosion-product will not, 
in general, be instantaneous; studies of the attack upon silver 
by a solution of iodine in chloroform or other organic liquid— 
carried out by L. C. Bannister at Cambridge *—^showed that the 
rate of attack slowed down gradually as the film thickened, and 
under many conditions the velocity at any moment was inversely 
proportional to the film thickness which had been reached. A 
series of experiments in which the time, temperature, solvent, 
iodine-concentration and surface condition of the metal were varied 
in turn gave considerable information as to the manner in which 
iodine passes through the film of iodide. 

Somewhat similar principles appear to govern the oxidation of 
metals at high temperatures. Pilling and Bedworth,* in a well- 
known paper, published eleven years ago, classified the metals 
according to their behaviour to oxygen at high temperatures. If 
we neglect the noble metals, whose oxides decompose at the 
temperatures in question, and likewise metals like molybdenum, 
which possess volatile oxides, we are left with two main classes: 

(а) the vttra-Ught mdaU forming porous oxides ; 

(б) the heavier metals forming non-porom oxides. 

Simple cidoulations from the specific gravities idiows that the oxide 
formed upon very light metals, such as magnesium or calcium, 
cannot occupy the whole volume of the metal destroyed and must 
therefore be porous or fiuffy ; such a product can hardly obstruct 
the access of further oxygen to the metal below, and the oxidation 
should suffer no retardation with time; in other words the curve 
connecting oxidation with time should be a straight line, and this 
Pilling and Bedworth’s work on calcium showed to be the case. 

^ L. B. Paraoiu, J. Amsr. Chsm. Soe., 1Q2S, 47, 1830. 

* U. R. Evans and L. C. Buiniator, Proe. Boy. Soe. (A), 1920, 12B, S70. 

* N. B. Pilling and R. E. Bedworth, J. Jnst. Met., 192S, 29, 629. 
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The heavier metals (and it should be noted that aluminium stands 
in this class) form oxides which if uncompressed would occupy a 
volume greater than the metal destroyed during their production; 
a metal of this class, heated in air, gives a non-porous oxide-film 
in a state of lateral compression and the rate of oxidation will fall 
off as the layer thickens; in the simplest oases, the velocity of 
thickening is found to be inversely proportional to the thickness.* 
Complications naturally arise if the film develops cracks, or if it 
“ sinters ” to give a material of smaller permeability. The subject 
becomes still more involved where several layers consisting of 
different oxides appear on the surface ; as shown by Pfeil,* iron 
forms three such layers. 

Evidence that the lateral compression in the oxide-film demanded 
by the Pilling-Bedworth principle really does exist, and that it 
plays a part in affording protection, is given by the recent experi¬ 
mental work of Pinch and Quarrell,* who found by an electron- 
dif&action method that the oxide-film formed on zinc is pseudo- 
morphic after the metal and has a structure slightly different from 
that of massive zinc oxide, being in lateral compression in the 
direction parallel to the metal and correspondingly in extension 
at rightangles. At elevated temperatures, the film assumes the 
structure of stable unstrained zinc oxide, becoming unprotective 
and permitting the formation of fi^h pseudomorphio zinc oxide 
below. 

Pilling and Bedworth’s principle has been extended by Pisch- 
beck * to the action of halogens at ordinary temperatmres; the 
attack by dry halogens is only violent in those oases where the 
ratio of the volume of the compound to that of the metal destroyed 
in producing it is less than unity; such a condition is clearly 
necessary for the formation of a porous non-obstructive product. 
The conation is, however, rarely fulfilled ; in most oases calculation 
shows that the ratio exceeds unity. For sodium bromide the ratio 
is 1-36, and sodium has been preserved in bromine for a year 
without sensible change; but for potassium bromide the ratio is 
only 0*9S, and potassium explodes when introduced into liquid 
bromine. 

It is impossible here to discuss the vast amount of work on 
high temperature oxidation, but passing reference may be made 

* If y be the thieknoae at time t, dyjdt » hi/y, or y* » 3kit -f ib, where 
hi and hg are constants. 

* L. B. Pfeil. J. Iron Steel Inet., 1929, 119, 001; 1931, 123, 237. 

* Q. I. Finch and A. Q. Quarrell, Proe. Phye. Soc., 1934, 46, 148. 

* K. Fisohbeck, Zetteeli. EMUroehem., 1033, 39, 824. 
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to tho work of Dunn ^ and of Vernon * on the effect of temperature, 
and that of Wilkins and Bideal * on oxidation at low pressures. Of 
great practical importance is the work of Murphy and Jominy,* 
of Heindlhofer and Larsen * and of Cobb * on the effect of gaseous 
impurities, such as sulphur dioxide; these accelerate attack, 
possibly by reducing the obstructive character of the oxidised 
layers. Special attention should be paid to the papers of Hatfield,^ 
of Portevin * and of Thyssen * on the effect of alloying elements, 
like aluminium or chromium, which reduce attack by increasing 
the protective character of the scale. 

At ordinary temperatures in dried air or oxygen, metals appear 
capable of existing for long periods without visible change, simply 
because the oxide-film, which is formed with the utmost rapidity, 
prevents the access of oxygen molecules to the metal below, and 
thus ceases to thicken appreciably before ever it reaches visible 
thickness. Such films, invisible whUst on the metal, become 
visible when removed, and numerous methods have been worked 
out for stripping tliese “ invisible ” films and studying their proper¬ 
ties.** But changes may occur, at ordinary temperatures, if the 
air is not pure and particularly if it contains both moisture and 
certain atmospheric impurities, such as sulphur dioxide. The 
extensive work of Vernon** and J. C. Hudson** on atmospheric 
corrosion brings out the effect of the physical character of the 
corrosion product in determining the course of attack. In some 
cases, such as the tarnishing of copper exposed indoors to an 
unsaturated London atmosphere containing traces of sulphur 

* J. S. Dunn, Proc. Roy. Soc. (A), 1926, 111, 203, 210; J. Inst, Met., 
1031, 46, 26. 

* W. H. J. Vernon, J. Chem. Soc., 1926, p. 2273. 

* F. J. WiUdns and E. K. Rideal, Proc. Roy. Soc. (A), 1930,128, 304, 407: 
F. 3, Wilkiiu, J. Chem. Soc., 1031, p. 330. 

* D. W. Murphy and W. E. Jonuny, Vniv. of Michigan, Eng. Res, Bull., 
No. 21 (1031). 

* K. Heindlhofer and B. M. Larsen, Trans. Amer. Soe. Steel Treatment, 
1033. 21, 866. 

* J. W, Cobb. Unpublished work. 

* W. H. Hatfield, J. Iron Steel Inst., 1027, 115, 483. 

* A. Portevin, E. Pr4t6t and H. Jolivet, Rev. Met., 1934, 31, 101,186, 210. 

* M. H. Thyssen, J. Iron Steel Inst., 1934. 

*• U. R. Evans, J. Chem. Soe., 1027, p. 1020: U. R. Evans and J. 
Stookdale, J. Chem. Soe., 1020, p. 2661. 

** W»H. J. Vernon, Trans. Faraday Soe., 1024, 19, 830 ; 1927, 23, 113 ; 
1031, 27, 266, 682 ; J. Inst. Met., 1932, 48, 121; Trans. Electroohem. Soe., 
1933, 64, 309. 

** J. C. Hudson, Trans. Faraday Soe., 1020, 25, 177 ; J. Inst. Met., 1030, 
44, 400; J, Biranngham MekMurgieal Soe., 1934, 14, 331. 
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oomponndfl, Vernon found the velocity of attack to fidl off as the 
film thickened ; in other cases, such as the attack upon ainc by a 
similar atmosphere, the product formed after an initial period 
appeared to cause very little additional obstruction, and the curves 
cormecting weight-increment and time became straight lines. He 
also described instances where the velocity actually rose with the 
time; this was true of iron in an humid atmosphere sometimes 
reachii^; saturation. PartioTilarly interesting was the behaviour of 
aluminium in an unsaturated atmosphere, where the action was 
practically brought to rest by the film of corrosion-product, and 
then suddenly recommenced, owing apparently to the cracking of 
the film. Here it is interesting to compare Vernon’s micro- 
gravimetric curves, with the curves obtained optically by Steinheii ‘ 
on aluminium films obtained by condensation on mica—a method 
which gives a surface quite free from oxide at the commencement 
of the experiment; the curves, like those of Vernon, show how the 
rate of oxidation comes almost to rest when the film reaches a 
certain stage. 

Special reference should be made to Vernon’s studies of the 
behaviour of copper towards air containing sulphur dioxide and 
moisture in carefully regulated amounts. It was found that 
sulphur dioxide without moisture produced no effect, and moisture 
without sulphur dioxide very little effect; but that very rapid 
attack occurred when both were present in the right proportions. 
At fixed humidity, the rate of attack increases with the sulphur 
dioxide concentration to a maximum, then sinks again, reaches a 
minimum at about 1 per cent, sulphur dioxide, and then rises once 
more; in atmospheres of 1 per cent, concentration the reaction 
product is normal copper sulphate, and it would appem* that this 
is more protective than the products formed at lower or higher 
sulphur dioxide concentrations, which contain excess of base or 
acid. The effect of varying the humidity is remarkable; up to 
about 60 per cent, humidity the attack is slow, even in atmospheres 
rich in sulphur dioxide, but at 76 per cent, relative humidity and 
above it becomes very rapid. This illustrates an important prin¬ 
ciple previously brought out in the earlier experiments of Vernon 
and Hudson and further elucidated by Patterson and Hebbs,* 
namely the Principle of Critical Humidity. When the relative 
humidity of the atmosphere rises above a certain value (probably 
the value at which the corrosion-product can absorb moisture readily 
from the atmosphere), the corrosion velocity increases quite sud- 

A. Steinheii, Atm. Pkyaik, 19S4, 19, 476. 

» W. S. Patterson and L. Hebbs, Trana. Faraday Soe., 1931, 27, 277. 
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denly; the oritioal humidity may fall far below 100 per cent., 
ainoe many corrosion products are distinctly hygrosoopio. Often 
the corrosion product does not “ look wet,” although some experi¬ 
ments of the author,^ in which about ten metals were tested in 
closed vessels containing moist air oontaixiinated with different 
acid or alkaline gases (sulphur dioxide, hydrogen chloride, ammonia, 
etc.), indicated that corrosion was exceptionally rapid in those 
oases where the corrosion product was sufficiently hygrosoopio to 
make the specimen appear conspicuously wet to the eye. 

In late years, very great interest has been taken in the copper 
steels, which exposure tests in different countries indicate as more 
resistant than ordinary steels to the acid-rich atmospheres of 
industrial districts; the extensive series of tests which is being 
carried out by Dr. J. C. Hudson * for the Iron and Steel Institute 
appears to be bearing out this view. The corrosion-product formed 
on the copper steels is generally thought to be more dinging and 
uniform than that on ordinary steels, and apparently has more 
protective power—to judge from Passano’s analysis * of some tests 
at Bucktown. German researches * have shown that metallic 
copper is deposited on the steel, doubtless tlirough the reduction 
of copper-compounds in the ffrst-formed rust by iron. This deposi¬ 
tion of copper at the point where corrosion firet happens to start, 
may wdl divert attack elsewhere, and thus bad to a uniform sheet 
of rust. 

Other examples of the control of oorrosbn by a supply of 
some necessary product are provided in the work of Bengough, 
Stuart, Lee and Wormwell' on zinc and iron. A disc of zinc 
placed some way bebw the surface of very dilute solution of 
potassium ohlori^ undergoes corrosion at a rate which faUs off 
with the time. Experiments showed that chbrine ions w^ 
removed by the corrosion product and, since chbrine ions are 
needed for the attack upon the metal, the corrosion-rate fell off 
with the time, being at any moment proportional to the chlorine 
ion ooneentration remaining. This assumptbn leads immediately 

^ U. R. Evans, Trana. Faraday Soc„ 1923, 19, 201. 

* J. C. Hudson, Second Report oj the Iron and Steel Jnetitute Oorroaion 
Committee (1934). 

* R. F. Pasaano, American Society for Testing Materials, Symposium on 
outdoor weathering of Metals and Metallic C!overmgs (1934). 

* C. Carius and £. H. Schulz, MitteUungen aus dem Foraehungsinstitut 
der Verdnigten Stahhoerke A.O., 1929, 1, 177. 

* Q. D, Bengough, J, M. Stuart, A. R. Lee and F. Wormwell, Proe. Roy. 
Soe. (A), 1927, ItS, 426; 1928, 121, 88; 1930, 127, 42 ; 1931, 131, 494 ; 
1931, 134, 808; 1933, 140, 399. 
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to an equation connecting corrosion velocity and time.^ But 
oxygen, as well as chlorine ions, is needed for rapid corrosion, and 
if the chlorine ion concentration at the commencement of the 
experiment is high, the maximum velocity permitted by the 
chlorine ion concentration cannot be achieved, because the rate of 
supply of oxygen is msufficient. Thus at the higher concentra¬ 
tions of salt, it is the rate i)f oxygen supply which controls the 
velocity of attack, and since oxygen is less soluble in concentrated 
solutions than in dilute solutions, it is found that, under the con¬ 
ditions employed by Bengough, concentrated salt solutions corrode 
less fast than more dilute solutions. 

This refers to totally immersed horizontal specimens. In the 
case of vertical specimens of zinc sheet half immersed in potassium 
chloride solution, Boigmaim’s experiments at Cambridge indicate 
that the corrosion increases steadily as the potassium chloride 
concentration is increased.* With rod specimens, where the 
rounded form is, for geometrical reasons, less adapted for the 
renewal of the oxygen, there is, under half-immersed conditions, 
a falling off of the corrosion velocity at high concentrations. With 
iron, there is a falling off of the velocity at high salt concentration 
even with half-immersed sheet specimens, and the same is true 
of immersion in solutions of other salts, such as sodium chloride.* 

These statements of laboratory results may appear surprising 
to those familiar with practical cases of corrosion, since it is 
generaUy thought that salt solutions become more dangerous as 
they become stronger. But many of these apparent conflicts 
between laboratory work and practical experience rest upon a 
failure to distinguish clearly between (a) the danger of corrosion 
setting in at all, and (6) the velocity with which that corrosion will 
proceed, supposing that it has once begun to develop.* Recent 
work at Oambridge by Hears * on the action of small drops of 
potassium chloride solution on iron has shown that the velocity of 
attack (in those drops which produce corrosion at all) first increases 
with the salt concentration to a maximum and then decreases 

^ If the chlorine removed by the oorrosion-produot is proportional to the 
corrosion (y), and the velocity (dy/dt) is proportional to the chlorine remain¬ 
ing, then dy/dt =• k^{C^ — k^), where C, is the original oonoentration and 
kg and kg are constants. 

» C. W. Borgmann and U. R. Evans, Tram. Amer. Elektroohem. Soe., 
1984, 66, 256. 

* U. R. Evmjb and T. P. Hoar, Proc. Boy. Soc. (A), 1932, 137, 360. 

* U. R. Evans, R. B. Mears and P. E. Queneau, Engimtring, 1933,136, 
689. 

* R. B. Mears, impubliahed work. 
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again; but the proporiitm of drops which develop ootrosion at all 
increases steadily as the concentration is increased, until they aU 
corrode ; no decline in the proportion corroding has been detected 
in concentrated solutions. It should be added, however, that 
there are other salts, such as sodium bicarbonate, where the pro* 
portion of drops developing corrosion is leas at high concentrations 
than at low ones. 

It is a general principle that corrosion tends to stifle itself 
when it leads to a compact solid product in physical contact with 
the surface, that is to say when the primary product of the 
attack is sparingly soluble. This is the reason why the corrosion 
of metals immersed in liquid so often takes an electrochemical 
course. Let us consider the case of zinc in water containing oxygen. 
Any direct form of chemical change which converted the metal 
tn aitu into sparingly soluble zinc hydroxide might be expected 
to stifle further attack; and indeed Bengough’s time-corrosion 
curves for zino in distilled water below oxygen show that the 
corrosion-rate does fall off with the time. But now let us suppose 
that the liquid also contains sodium chloride, and that for some 
reason an electric current flows from one part of the surface to 
another. Familiar electrochemical reactions will then produce at 
the anodic points soluble zinc chloride, and at the cathodic points 
soluble sodium hydroxide; where they meet, they may give 
sparingly soluble zino hydroxide (or perhaps a basic chloride), but 
this solid matter will be produced at a perceptible distance from 
the point of corrosion and will not slow down the attack per¬ 
ceptibly. The E.M.F. producing such an electric current may be 
set up in numerous ways; it may arise through chemical or 
physical differences between different parts of the metallio surface, 
or through differences in the state of the invisible oxide film, or 
through differences in the liquid (for instance, through irnequal 
supplies of oxygen to different parts). But whatever the cause 
of the potential-differenoe—and in practice an absolutely equi- 
potentul surfkce is extremely unlikely to exist—^the corrosion is 
able to continue without stifling itself, provided that the primary 
products of attack are/ys«lyeo{tt61e6od»e«. If the primary corrosion 
product at the anodic parts were to be a sparingly soluble body, 
for instance lead sulphate, eleobroohemioal attack would stifle itself 
just as easily as direct chemical attack. Thus lead immersed in a 
solution of potassium sulphate is only very feebly corroded. More 
often, however, electrochemioal action produces soluble bodies at 
anode and cathode, and this is the only reason why wet corrosion 
at low temperatures more often takes an electrocbemiced than a 
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direct ohemioal oouree. Where the product of direct union is 
freely soluble {e.g. in the action of iodine on iron), there is probably 
a direct attack, without any passage of currents between distinct 
anodic and cathodic areas, unless the iodine has access only to one 
part of the surface. 

The distribution of attack by a salt solution under simple con¬ 
ditions is easily imderstood when the electro-chemical mechanism 
is considered. Much may be learned from watcliing a drop of 
potassium chloride solution placed on the horizontal surface of 
iron which has been abraded and exposed for a short time to dry 
air. In order to show up the anodic and cathodic points, it is 
convenient to add to the salt solution a trace of pbenol-phthalein 
potassium ferri-cyanide; if the quantities of the two indicators 
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added are very small, the distribution of attack is not modified 
by their presence. The phenol-phthalein serves to show the 
cathodic regions (where potassium hydroxide is produced) by a 
pink colour, whilst the ferricyanide marks the anodic regions 
(where the ferrous chloride is produced) by a blue colour. 

If the drop contains dissolved oxygen, blue anodic points soon 
appear, aligned along the abrasion marks; simultaneously pink 
patches appear in all the parts of the drop (Fig, 1 a). But soon, 
in the peripheral zone, the blue points disappear and the pink 
points join together to form a pink ring round the edge. Similarly 
in the central region, the pink points disappear, and the blue pmnts 
spread out to form a blue core; then .between the blue and pink 
r^ons, there appears a brown ring of rust (Kg. 1 b). The explana¬ 
tion is simple.^ At the anodic points (t.e. the places where the 
invisible film of oxide is weak) the iron is attacked producii^ 
^ U. B. Evans, Korronon und MetalltehiuU, 1030, 6, 77. 
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ferrous chloride; at the cathodic points, where the film is strong, 
potassium hydroxide is formed. But the cathodic reaction calls 
for oxygen as a depolariser, at least if it is to proceed rapidly. 
When in the centre of the drop the oxygen originally present has 
been used up, the production of potassium hydroxide ceases. The 
formation of ferrous chloride in the centre can, of course, still 
continue, but the corresponding production of potassium hydroxide 
must now take place in the peripheral zone, where the oxygen of 
the air has access. Thus ferrous chloride is formed in excess in 
the interior of the drops, whilst potassium hydroxide is formed in 
excess in the exterior. Any ferrous chloride formed at susceptible 
points in the peripheral zone is at once precipitated by the potassium 
hydroxide and oxygen there present, and the hydrated ferric oxide 
formed in physical contact with the metal stifles the attack. Thus 
the peripheral zone becomes immune from corrosion, whilst the 
attack continues at the centre of the drop, where the original 
surface of the metal soon becomes eaten away. Where the ferrous 
chloride and the potassium hydroxide meet one another ferrous 
hydroxide is formed, which soon combines with further oxygen to 
form hydrated ferric oxide (brown rust). The transition from the 
primary distribution of attack (Fig. 1 a) to the secondary distribu¬ 
tion (Fig. 1 b) is clearly caused by the disappearance of the original 
oxygen in the central part of the drop. For, if the liquid is care¬ 
fully freed from oxygen before being placed on the metallic surface, 
the secondary distribution appears immediately ; but if the liquid 
is mper-a<Uurated with oxygen before the drop is placed in position, 
the primary distribution survives for an abnormal length of time. 

The state of corrosion of an iron plate half-immersed in a 
vertical position in a solution of a sodium or potassium salt gives 
analogous results. Here again the alkaline hydroxide formed along 
the water-line—the only part to which oxygen has free access— 
protects the metal locally against attack; thus, although corrosion 
needs oxygen for rapid attack, the particular part of the specimen 
most accessible to oxygen remains immune, whilst at places lower 
down where anodic attack proceeds quite readily, no oxygen can 
be detected at all. 

This case has been examined quantitatively by Hoar in the 
Cambridge Laboratory,* and it has been found that the electrical 
currents flowing between the cathodic zone along the water-line 
and the anodic parts lower down where attack is proceeding explain 
accurately the velocity of corrosion actually observed. It is difficult 
to measrue directly the current flowing through the metal, but by 

* U. R. Evans and T. P. Hoar, Proc. Roy. 8oe. (A), 1982, 137, 343. 
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placing next the cathodic part of the surface, a narrow tabulus 
leading to a calomel electrode, it is possible to measure the local 
potential difference between metal and liquid in the cathodic sone ; 
now under any given conditions the potential at a cathode will 
vary by polarisation with the current passing, and, by a prelintinary 



study of the relation between current and potential, it is possible 
to use the measurement of the potential at the cathodic portions 
of any corroding surface to obtain a knowledge of the current 
passing between anodic and cathodic zones. In this way, an 
electrical measurement of the corrosion velocity can be obtained 
without any assumption of arbitrary constants, and the agreement 
with the directly measured values, as indicated on Fig. 2, is very 
satisfactory. 

It is impossible to deal here with the work of W. J. Miiller ^ 
and Hedges * on Anodic Corrosion and Passivity, or with the work 
of Faimaer • on corrosion of the Hydrogen Evolution Type. The 
reader who has time to study the books of those three investigators 
may be surprised to find the extent to which they have cleai^ up 
these difficult subjects. 

^ W. J. Muller, BedeebunfftHusorie der P<u 0 witdt (Verkg Ohemie). 

* E. S. Hedges, Protective FUnu on Metale (Ohaptnan A Hall). 

* W. Faimaer, The Corrosion of Metale (Svenska Bokhandelaoentralsn, 
A. B.). 
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To the technical chemist, the causes of corrosion may seem 
less important than its prevention. Space does not permit the 
discussion of protection processes, but it may be mentioned that 
these also depend, in many instances, on the principles already 
enunciated. Thus recent work at Cambridge by Britton ^ and 
Lewis * indicate that the well-known anti-corrosive paint, red lead, 
is capable of preventing corrosion even when there is definite access 
of water and oxygen to the metal through a scratch or pore in the 
paint, and it does this by causing the corrosion-reaction to stifle 
itself throi^h rapid precipitation of the incipient corrosion-product 
in physical contact with the metal. In this way, red lead paint 
differs from iron oxide paint, which only prevents corrosion in so 
far as it excludes the corrosive agents mechanically from the metal. 
Potassium or sodium chromates, which are often used to rendei 
water non-corrosive, act by reinforcing with a mixture of iron and 
chromium oxides the weak spots in the air-formed oxide-film (which 
is in itself quite incapable of withstanding the ions present in any 
ordinary water). The film, normally invisible, becomes—^as usual— 
visible when separated from the metallic basis. On stainless steel 
containing chromium, this protective admixture is probably formed 
over the whole surface. The work of Forrest, Boetheli and Brown • 
shows that stainless steel, tested in the film-free condition, com¬ 
mences to corrode as quickly as ordinary steel, but that, in contrast 
with ordinary steel, the corrosion-rate faUs off almost at once, as 
a new skin, usually invisible, forms over the surface. 

It is evident from what has been written that in the (}orrosion 
of Metals, Oeometry is often more important than Thermodynamics, 
and that it is often less imperative to know what has been produced 
than where it has been produced. The topochemical principles long 
emphasized by Kohlschiitter have a special significance in corrosion 
—^although their importance extends to many branches of chemical 
science; on this point the reader may be referred to the “ Fest¬ 
schrift ” recently published in celebration of Professor Kohl- 
schiitter’s jubilee.* 

One other matter deserves mention. It is commonly con¬ 
sidered that relentless controversy exists on the subject of corrosion, 
and indeed this supposed state of affairs has often been quoted 
as a pretext for refiuing to study the subject at all. It is true that 

^ S. G. Britton and U. R. Evans, Trans. Ehetroohsm. Soe„ 1933, 64, 43. 

* K. a. Lewis and U. B. Evans, J. 8oc. Chsm. Ind., 1934, 53, 2ST. 

* H. O. Forrest, B. E. Boetheli and R. H. Brown, Ind. Eng. Chern,, 
1980, 22, 1197. 

* Koaoid.Zeitsehrift, 1984, 68. 
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twelve years ago, there was little agreement between the advocates 
of rival theories, and any chemist who may then have sworn to 
waste no further time in readii^ the polemics will doubtless remain 
unaware that the position has changed. As a matter of fact, the 
majority of laboratories where corrosion research is proceeding, 
are to-day in essential agreement on the basic principles, although 
discussion atUl continues on>numerou8 important points of detail. 
There are, of course, one or two Laboratories which differ more 
fundamentally from the generally accepted opinion ; but even here 
the controversy does not apply to the whole field of the subject, 
although there has sometimes been a tendency to lay more stress 
on points of disagreement than on points of accord. It is some¬ 
times thought that between the Research Laboratories at Teddington 
and Cambridge there is no agreement; but of the nine basic points ^ 
entmciated in the last paper from the Teddington Laboratory, seven 
are in essential agreement with points to be found in contemporary 
Cambridge papers. There is no need for a dispute regarding 
priority; it is unimportant which laboratory, if either, reached 
these conclusions first. The important thing is that the views, 
although expressed differently, are very much the same, and, 
although the agreement is obscured by lengthy discussions about 
other points where genuine differences persist, it would be a pity 
if on this account the large area of common ground were overlooked. 

I would like to thank Professor R. 8. Hutton, Dr. O. D. Ben- 
gough. Dr. W. H. J. Vernon, Dr. T. P. Hoar and others, who have 
kindly read through this paper and offered helpful suggestions. 

* G. D. Bengough and F. Wormwell, Proc. Boy, Soe, (A), 1932, 140, 407. 



SOIL STRUCTURE IN RELATION TO 
VEGETATION 

By E. J. 8AL18BUKY, D.8o., F.K.S. 

Prof§§§or of Botany at Vnimr*iiy CoUefe, London 

The term “ soil ” so readily brings to our mind the cultivated 
ground of our gardens and arable fields that we are too apt to think 
of it in terms of these artificial approximations to homogeneity. 
It is, indeed, true that by far the greater part of the data we possess 
respecting the composition and characteristics of soils have been 
obtained firom cultivated areas. Nevertheless, valuable as these 
data are, they tend to minimise those features of soil structure 
which are of considerable importance in the life of higher plants, 
but which, in cultivated ground, are insignificant as compared 
with their import under natural conditions. The soil of a primitive 
woodland, an ancient dialk down, or a stretch of heath displays 
an organisation of a definite character, often resulting in such abrupt 
changes as we pass downwards as to constitute a marked stratifica¬ 
tion, which permits os to distinguish definite soil horizons. 

The extensive work carried out during recent years upon the 
climatic dififerentiation of soil types has shown how large a part is 
played by meteorological conditions in determining the misiuuiMsd soil 
profile. At the one extreme we have the soil differentiation under 
conditions of bw temperature and high precipitation, in which the 
downward trend of water movement in the soil is greatly in excess 
of the upward nmvement, due to evaporation from the soil surface. 
Such conditions inevitably lead to the removal of soluble substances 
from the upper layers so that a gradient of leaching is established 
which may be so complete as to produce a podsol or podsoUc type 
in which the surface soil, whether covmed or not by a layer of 
humus, is practically devoid of soluble plant foods, whilst below 
there may even be an enrichment through a transport of substances 
firmn above. Such soils, as is well known, are characteristic of the 
great Northmi oonilerous forest belt. At the other extreme, wh»e 
soil dijSerentiation occurs under conditions of low humidity and 
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high temperature, upward movement of soil water usually pre¬ 
ponderates, and results in the aooumulation and concentration of 
salts at the surface, producing alkaline soils, such as the bad lands 
of America or the salt steppes of Trans-Caspia, where halophytio 
vegetation can alone flourish. Under less extreme conditions the 
diroct effect of climate is more profoundly modified by other 
factors. 

It must be emphasised that thoi^h soil types do tend to correspond 
in general with climatic r^ons, in the sense that for any given 
climatic complex there is probably a prevailing soil type, yet the 
geological character of the substratum and the constitution of the 
plant covering can appreciably modify the nature of the soil, 
subjected to a particular complex of meteorological conditions. 
Especially is this the case where the climatic factors are not 
extreme. Even in the more pronounced climatic conditions, a 
variety of sub-types of soil profile may be encountered, such as, for 
example, are associated with the divers types of spruce forest in 
Finland, characterised by different dominants in the ground flora. 
Whortleberry, for example, accelerates the leaching process, which 
is much slower under a carpet of vegetation dominated by lichens. 

Some plants exploit a soil extensively, with a widespread and 
deeply penetrating root system, which is, however, not copiously 
branched, whereas other kinds of plants exploit the soil intensively 
with a richly branched root sjrstem that ramifies throughout fbe 
volume of soil occupied. Such differences, when associated with 
species that are social in habit, must inevitably affect the depth 
and degree of incorporation of organic material into the mineral 
matrix, both directly, by the death and decay of the roots, and 
indirectly, by their effect upon the pore system. Further, the 
distribution of the root system has a direct influence upon the process 
of leaching, owing to the respiration of the roots themselves. The 
carbon dioxide which is thus liberated causes more rapid leaching 
around the roots, as can often be seen in chalky soils, where the 
clayey residue from the parent rook commonly forms an investment 
around the laiger root system. So, too, the nature of more secular 
changes is affected by the degree of saturation or unsaturation in 
respect to bases of the organic plant residues. 

Evidence of the progress of leaching is especially well shown 
in calcareous soils, where, as brought out in the aooompimying 
data from chalk downs at Tring, the surface soil is considerably 
depleted of carbonate, a process which is markedly affected by local 
topography, as can be seen by comparison of the carbonate gradient 
on the level part of a down with that exhibited by a dope. 
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But after the carbonates have been completely removed the leaching 
process continues, involving the replacement of the exchangeable 
bases until the colloidal fraction is completely unsaturated. Since, 
however, the calcium carbonate is most readily removed it follows 
that, in highly calcareous soils, there may, as a consequence of 
differential leaching, be an actual increase of some substances as 
compared with the parent rook, so that a reverse gradient in respect 
to potassium or phosphorus may be temporarily established, to 
which reverse gradient the salts liberated from surface litter doubt¬ 
less in part contribute. 

Experiments carried out by Powers, using artificial composts of 
clay and organic colloids, indicate that such mixtures have a higher 
base exchange capacity than either constituent possesses alone. 
Evidence was obtained that one-fifth to two-fifths of clay and three- 
to four-fifths of organic colloidal material afforded the maximum 
exchange capacity {Soil Science, XXXIV, 1-10, 1932). These 
results suggest that in woodland soils in this country the horizon 
a short distance below the raw humus is probably the most favour¬ 
able in respect to food substances, and this is in fact a region of 
extensive root development. 

In natural soils two factors mainly operate to check the decrease 
in gradient of soluble constituents from below upwards, which is 
the natural outcome of the climatic leaching process, both of 
which tend towards, and may even produce to a sl^ht degree, a 
gradient in the reverse direction. These two factors are the action 
of earthworms and the surface dressing of plant debris. They are 
probably only operative when the under-lying soil, at no appreciable 
depth from the surface, is rich in soluble salts. Thus, earthworms 
are only frequent in soils where the subsoil at least is well supplied 
with odoium carbonate. Under these conditions the earthworms 
feed in the siwEsoe layer, rich in organic material, and often appreci¬ 
ably acid in reaction. The worm oasts they deposit on the surface 
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are, however, only mildly acid ot even neutral. Worm oasts 
examined by the writer were found to have a reaction of 6*7 
when the soil on which the worms had been feeding had a reaction 
as acid as pH 6*1 (Salisbury, Jowm. Linn. 8oc. {Bot.), Vol. 46, 
p. 415, 1924). Similarly, the leaves of Merculialia permnia shed 
on to the door of a beechwood may have a definitely alkaline 
reaction (pH 7*4) and contain about 6 per cent, of calcium salts, 
and thus tend to ameliorate the acidty of the surface on which they 
fell, whereas the dead leaves of other species, such as the Hair 
Grass {Deachampaia flexuoaa) have an acid reaction and contain less 
than one-fifth of 1 per cent, of calcium salts. 

Thus the soil gradients, as conditioned by the microclimate of 
an area, may be profoundly modified by the character of the plant 
covering and by the nature of the soil fauna. 

It is not our purpose here to consider the difiPerent categories 
of soil profile, of which admirable summaries have been furnished 
elsewhere (of. Russell, Soil Conditiona and Plant Growth, Edit. 6, 
Chap. 4, 1932), our aim being to consider how this soil structure, 
evolved as a resultant of the interaction of climate, vegetation, soil 
fiora, soil fauna, and geological origin, affects the life of the green 
plants that are rooted in it. 

Any true soil is composed of five constituent pturts, namely 
(1) the mineral particles of various sizes and in various states of 
chemical decomposition, (2) the organic material, similarly in varying 
degrees of chemical change, from the raw litter to humus and more 
or less complete disintegration, with the consequent liberation of 
the erstwhile combined bases, (3) the soil solution consisting of various 
inorganic salts in a very dilute state, and in proportions changing 
with the water content and other factors, but, in normal oonditiions, 
usually totalling between one-fifth of one atmosphere, and one 
atmosphere of osmotic pressure. (4) The soil atmosphere occupy¬ 
ing that part of the pore space not taken up by the soil soluHon, 
and consisting of the same gases as are present in the atmospheric 
air, but in differing proportions, particularly as regards the partial 
pressiure of carbon dioxide, which is often high. (6) The micro- 
organic population of plants and animals, of which the bacterial 
and fungal flora and the protozoon fauna are perhaps the most 
important. The total volume occupied by the micro-flora and 
-fauna is probably in natural soils well under 1 per cent, of that 
of the soil as a whole. 

In attempting to visualise the three-dimensional structure of 
the soil in its relation to plant life, the changes of each of these 
soU constituents with change in depth must be considered. 
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Although the teohniqne for estuosticHi of nmnbere of soil organ- 
ume still leaves something to be desired, it is nevertheless evident 
that their numbers decrease rapidly with increasing depth. Thus 
the carbon dioxide produced copiously by their respiratory activity 
will be most abundant near the surface, so that the percolating rain 
water tends to become saturated and its solvent action enhanced 
at the outset. Further, if ready upward diffusion is hindered by 
the presence of free water at the surface, or even by a bkmket of raw 
humus, as in the tile-like leaf-litter of a beechwo(^, this heavy gas 
will not establish equilibrium with the air above, but will tend to pass 
down by gravity into the soil interstices, which may thus present 
very high partial pressures of carbon dioxide. Romell found as 
much as 2 per cent, of this gas at a depth of 45 cm. in a fen soil, 
and at only 15 cm. below the surface Uie amount was still nearly 
seven times that of atmospheric air (Medd. Statens Skogsforsoksan- 
staU, 124-359, 1922). More recently Godwin, Mobbs and Barucha 
{Nat. Hist, of Wicken Fen., p. 610,Bowes and Bowes, 1932) have stated 
that 3-4 per cent. CO| is quite typical of the soil atmosphere at a 
depth of only 20 cm. in Wicken Fen. In beech forests the humus 
layer may contain about five times the carbon dioxide content of 
atmospheric air, so that in sheltered woods the air is enriched in 
this respect by upward diffusion, to the benefit of the assimilation 
of the herbaceous vegetation. On the other hand, a high carbon 
dioxide content is inimical to both root and root hair development, 
as also to their functional activity. The metabolism of the soil 
oiganism also produces nitrate, sulphate, and bicarbonate anions, 
which bring into solution equivalent amounts of calcium and 
magnesium cations, so renewing the soil solution depleted by 
absorption of the higher plants. Since the changes in temperature 
during the growing season are mainly the outcome of heating of 
the surface by the sun’s rays from above, convection currents, 
whether in the water films or the soil atmosphere, can have little 
influence in accelerating diffusion either of liquids or gases. Indeed, 
it is probable that, except when the surface is appreciably hotter 
than the lower layers of the air, the main impetus to dif^ion is 
afforded by changes in volume, accompanying fluctuationB of 
temperature and barometric pressure. Upward diffusion against 
gravity through the fine soil capillaries must be so slow when, as in 
this country, precipitation is in excess of evaporation, as to be 
almost negligible as a factor influencing the supply of food material 
for the plants. 

In periods of precipitation the extremely dilute solution almost 
amounting to pure water which the rainfall provides is superimposed 
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upon the soil solution, and thus the diffcnrenoe in density presents 
a spatial relation that tends to accentuate depletion of solutes from 
the upper layers, and thus to impoverish the food supjdy of surface 
rooting species. Hence the presence of a soil population that is at 
a maximum close to the surface and which, by its production of 
anions, enriches the cation supply mainly from above, has a very 
important significance in the economy of the soil The elements 
retained near the surface in the bodies of the soil organisms are 
naturally not subject to leaching until they become liberated as these 
organisms die. Hence, where the soil population is abundant this 
source of nutrient supply may be important for higher plants both 
in respect to its amount and position. 

In woodlands the importance of the annual leaf fall, for the 
maintenance of siufaoe food supply, is very considerable. It has 
been estimated that in a beech forest this annual supply amounts 
to between 200 and 300 grams dry weight per square metre. The 
calcium content of this would be approximately 2\ per cent. In 
other words, every square metre of a beech wood receives an annual 
dressing of between 5 and 7 grams of calcium. Even in a pine 
wood the litter contains nearly 1 per cent, of calcium, and the 
annual fall of leaves is about 200 grams, so that there is a 
potential increment of 2 grams per square metre. The total lime 
content of the forest floor under deciduous {Tilia and Acer) and 
coniferous (Firms) woodland has recently been determined by 
Alway, Methley, and Yoimg (Soil Science, XXXVI, 387, 1933). 
Calculated as CaO they found over 2,000 lb. per acre under the 
deciduous trees, as compared with between 200 and 900 lb. per 
acre under coniferous woods dominated by difierent species of 
Firms. 

The rate of decay of pine needles is much slower than that of 
the leaves of deciduous trees, so that the contained bases are not 
so soon available in an exchangeable form. It should perhaps be 
emphasised that, since with the decay of the litter its bulk decreases, 
the amount of salts contained in a unit volume of organic material will 
increase as decomposition proceeds until the rate of such concentration 
is surpassed by that of removal tbrough the action of plants or by 
leaching. Muller found that alike with Soy beans, straw and manure 
there was a progressive in(uease in the base exchange oajMmity from 
a low value at the outset throughout the period of nine months. 
The ultimate result is the same whether the process be rapid or 
slow, since there will always be in the natural habitat litter 
increments that are m the stage of decay that yields up its 
contained salts at the maximum rate. The signifiksanoe of sbw 
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decay is perhaps that, as decomposition advances, the Utter of a 
particular year has been buried beneath successive Utter incre* 
ments, so that the conditions of decay become more anaerobic, 
and, when the appropriate stage of decomposition has been 
attained, the Utter of the particular year may no longer be in 
the region of maximum root development. The leaves of oak 
yield rather less than 2 per cent, of calcium, but it is evident that, 
even those trees which are poor in calcium, will stiU contribute an 
appreciable addition to the surface supply. In a similar way the 
superficial addition of other bases, such as potassium, is to some 
extent augmented. This annual addition of litter, so pronounced 
in the woodland, is a feature more or less marked of aU natural 
soils, and in general the rate of decay in our climate does not keep 
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Fia. 1.—Rolativo Boot Dovolopment. 
KAfUtf Mk from Sproiguo and Watt.) 


pace with the rate of increment, so that the organic content of the 
soil tende to increase with the passage of time. This is strikingly 
illustrated by the dime soils of this country, which show a marked 
increase of organic content with increasing age, that is laigely 
responsible for the augmenting flora as one passes from the younger 
dune ridges near the sea face to the oldest ridges on the landward 
side of the dune system (Salisbury, .4nna2« of Botany, XXXVI, 
891-431, 1922). 

The organic matter in the soil has a twofold origin, that which 
is added superficially, and that which is added interstitially, by the 
death and decay of roots which have penetrated the soil. Down- 
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wash by rain-water and the action of earthwormB oontribute to 
the incorporating process. Recently obtained data respeeting the 
vertical ^stribution of root systems have shown how rajHdly the 
root content of the soil falls off with increasing depth. The data 
presented in Fig. 1 show this rapid diminution for two species of 
A^ostia investigated under natural conditions by Sprague. The 
addition of artificial manure to the species A has resulted in a 
shifting of the otuwe to the right (A^). In other words, there is an 
increased volume of root development at all depths, but the form 
of the curve remains the same. On the other hand, species growing 
in cultivated soils, represented by Vicia faba and Medicago aativa, 
which have been investigated by West (Jour. Council. Scientific 
Indust. Be»., VII, 87-93, 1934), show a far less rapid diminution. 
Hence root distribution and the surface additions of litter both 
conspire to produce an organic gradient of decreasing amount from 
above downwards. The accompanying data from a few selected 



natural plant communities not only indicate the wide range of 
organic content of the surface, but also show how general is the 
rapid fall in organic content as one passes downwards. This brings 
with it certain characteristics important to plant life. Most signi¬ 
ficant are those associated with the high water capacity and high 
base ezohaige capacity of organic matter. 

It is in general true that the presence of more than 6 per o^t. 
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TABLE n 

OsAonnrr or Oboanio CoMTSirr or Vabioits Piajtt CoMMvmnaa 


Pepth in 

Oakwood 
(Qmreus robur). 

Oakwood 

(QuereuM 

•Mttii/lorft). 

Birdbwood 
(Mula alba). 

Heatlier 

Moor. 

0-1. 

per oent. 

per oent. 

per cent. 

per oeot. 

10-6-40 

176-82 

6-17 

86 

2-^3. 

6*8-11*1 

8* 1-9-8 

3-8-7*4 

26 

M. 

6*1-7 8 

4-8-7-2 

2-5-6*8 

14 

9 . 

i 

4*9-6 5 

4-6-61 

3-6*5 

18 


oi^ganio material is sufficient in most soils to mask difierenoes in 
the size of the associated mineral particles. Hence it follows that 
the water retaining capacity of the soil usually, except where 
evaporation is high, shows a decrease in the upper layers, from above 
downwards (cf. Fig. 3); and, indeed, so great is the water retaining 



Flo. S.—Natural Water Contents from Various Communities. 

capacity of humus that in woodJand areas occupying regions of 
moderate rainfall the surface accumulation of organic matter may 
be sufficient to hold up most of the water that falls upon it. Thus a 
condition may be brought about in which, whilst surface rooting 
species in a woodland thrive on an adequate water supply, the 
deeper-rooted trees and shrubs may possibly be suffering i^m a 

B B 
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water defioienoy. Old pastures may likewise suffer firom drought 
caused through the surface retention of water conditioned by 
accumulated litter. 

K capillary water be available from the subsoil the water 
gradient may exhibit an increase with depth, even near the surface, 
more commonly there is a horizon of minimum water content 
between surface and subsoil, so that for deeper rooted species 
increased depth of root brings a more copious water supply. But 
under any conditions of water supply the organic gradient inevitably 
has a profound influence on the distribution and availability of 
water for the plant. 

For species with shallow root systems the water availability will 
in gener^ decrease with depth, whilst for deep rooted species the 
reverse will commonly obtain, but for either type of root system 
increased distance from the evaporating soil surface will bring with 
it a more regular water supply, less liable to become very low, 
though it may never attain high values. How far marked fluctua¬ 
tions will be deleterious depends in great measure on the relation 
that obtains between the periodicity of precipitation and the 
periodicity of leaf production. 

A further important effect of the influence of the organic content 
is upon the pore space. The following data show the average pore 
space gradient for the first few centimetres in an oakwood on clay 
and an old pasture on chalk. 


TABLE III 


Qusft€him 

Chalk Pafture. 

Depth 

Pure Space. 

Depth. 

Pore Space. 

cm. 

per cent. 

cm. 

per cent. 

0-5. 

10-6 

2-6. 

19 

5-8. 

6 

2-6-5. 

16 

S-18. 

4 

7-6-10. 

11 


It is clear from these two examples that the pore space falls off 
quickly in volume in a manner comparable to the diminution of the 
organic fraction. One striking effect of the changing pore space is 
its influence upon the ease with which the soil is penetrated by 
roots and rhizomes. As a root tip or a rhizome apex grows, the 
soil particles in its path must be pushed aside and thus be more 
tightly packed around it. Such displacement, except periiaps in 
the upward direction, is onfy possible by reduction of the pore space. 
Hence the penetrability of the soil is seen to be a function of its 

















SOIL STTEnOTUKlB 


41» 

pcntMity. Data obtained by P. S. Gupta in the author’s laboratory 
show i^e average penetrabilities at various depths in woodlands 
growing on three types of soil. 


TABLE IV 

RbULTIVB PBNirrHABILmBS OF SoilJB 


Deptli to cm. 

Bouklor Cluy. 

ChAlk. 

OlftF. 

1--1-6. 

d-s 

6 

3-7 

3--3 5. 

2-6 

3-4 

2-2 

6-5-6. 

1-8 

3-0 

1-7 

7-7-6. 

1-6 

2-7 

1-9 

9 . 

2-0 

— 

— - 


These figures represent the relative ease with which the soil is 
penetrated in the horizontal direction at the various levels by a 
narrow-pointed metal rod, and it can be assumed that the relative 
penetrabilities by a root would be of approximately the same order 
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of magnitude. It is evident from these determinations that the 
wsistanoe to penetration at a depth of 7 cm. from the surfaoe 
(about 3 inohM) is nearly twice that at a depth of 1-1*5 cm. in 
Fig. 4 the relative penetrabilities are plotted for one locality on 
ohaUc and <me on clay at different water contents, and it will be 
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evident from these that the difficulty of penetration becomes greater 
and the decrease with depth becomes accentuated as the soil becomes 
drier. Hence the organic matter will not only produce an increased 
penetrability by its effect on soil porosity, but also by its capacity 
for water retention. Gupta found that the increase of penetrability 
with increase in water content obtains in clay soils, chalky soUs, 
and sandy clay soils {Jom. Ecology, pp. 462-74, 1933). On the 
other hand, it is a familiar fact that a sandy foreshore is firmer 
to walk on when wet than when dry, provided the water content 
is not excessive. This is indicative of the fact that in sandy soils 
the penetrability decreases with increasing water content. 

The data furnished in Table V show the relative penetrabilities 
of a dune sand of fine texture at various water contents expressed 
as percentages of the maximum penetrability when dry. It will be 
noted that for this particular dune sand the minimum penetrability 
is associated with a water content of about 5 per cent, of the dry 
weight. At this moisture content the penetrability is less than a 
quarter of that when the sand is dry. 


TABLE V 

PBMXTaABnjTIBS OF DtTKK SaND AT VaMOOS WaTEB CoNTBNTB 



Dry Sand 

6% W.C. 

10% W.C 

20% W C 

30% W.C. 

Range .... 

1(K^70 

12-5-38 

15-6-40 

j 

11-40 

31-62 

Average .... 

85 

20 

25 

26 

43 


A very interesting feature of the biology of geophytic species 
may, I think, be correlated with this difference between heavy and 
sandy soils. The bulbs of SciUa nvians and AUium ureinum, the 
root of Verbascum and the corm-like rhizome of Arum maculatum, 
are but a few examples of imderground perennating organs, which 
maintain their appropriate level in the soil by means of contractile 
roots. The longitudinal contraction of these specialised organs is 
dependent not upon a decrease but upon an increase in volume, 
which is associated with a change in shape of the cortical cells. 
These, whilst extending horizontally, diminish longitudinally, but 
this is accompanied by an intake of water, and so naturally occurs 
when the water content of the soil is high^ i,e. when its penetrability 
is greatest. On the other hand, the geophytic species of OxtUia, 
characteristic of the sandy soils of South Africa, although also adjust¬ 
ing the level of their perennating organs in a similar manner, possess 
contractile roots whose mechanism is dependent not on a gain but on 
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a loBS of water, and so tends to operate in the dry season (cf. Thoday, 
Ann. Bot,, XL, pp. 571-83, 1926). Hence in both types of habitat 
the vertical movement of the bulbs or corms takes place by a 
mechanism that operates when resistance to the soil is at a minimum. 

In addition to determining the penetrability, the pore space has 
a further significance in facilitating water transport. The plant 
depends for its water supply not alone on the soil immediately 
adjacent to its roots, but in very great measure upon the maintenance 
of a flow in the water films. If the soil capillaries were tubular 
and completely filled with liquid their efficiency to conduct 
water would be a function of the fourth power of their radius. 
The flow of soil solution is, in fact, dependent not only upon its 
amount, but upon the volume of pore space through which it flows 
and how this pore space is distributed, whether in the form of 
comparatively few but large channels, as in a coarse sand, or of 
innumerable but very narrow capillaries, as in a fine clay. The 
actual pore space of a clay soil may be as much as 50 per cent, of 
the total volume, whilst the total pore space of a coarse sand is 
about 30 per cent. Yet the rate of flow through a sandy soil is 
something approaching 200 times as rapid as that through a clay 
soil. It has been estimated that the total surface collectively 
presented by all the particles in a cubic foot of pure clay would be 
somewhere between 2J and 4 acres. The total internal surface of 
a cubic foot of sandy soil is, however, only about ^ acre. Actually 
the resistance to flow through a pure clay soil would be something 
of the order of 40,000 times that of a coarse sand. Most clay soils, 
however, are only in part made up of clay particles. Hence, their 
resistance to flow is not so great, but the large area of internal 
surface such soils present, though advantageous in retaining a large 
amount of water, offers great frictional resistance to its movements. 
The small internal surface of a sandy soil, though retaining far less 
water, presents but a slight obstacle to its flow towards the root. 

It is to variations in the manner of distribution of pore space 
that the discrepancies between pore space grculients and pene¬ 
trability gradients can mainly be attributed. In estimating the 
functional pore space in this respect the diminution due to swelling 
of the colloids by imbibitional water must be borne in mind, and this 
varies with the water content and the character of the soil solution. 

A further significant effect of pore space is upon the conductivity 
of the soil for heat. Except in very moist soils, where the con¬ 
tinuous water films ensure ready thermal conduction, the lack of 
intimate contact between the sofl particles, due to the pore spaces, 
is the chief obstacle to the passage of heat. Thus it is that the 
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dulc'odioured Utter in a wood on a sunny spring day may aot 
in a maimer similar to that of a blaok bulb thermometer and 
attain to such a temperature that the over-lying air in which the 
foliage of the prevemal species is situated is sufficiently warmed 
to enable these plants to assimilate when the air generally is 
below the oritioal temperature for that process. So, too, the 
writer has recently shown that on sand dunes the poor contact 
betwem the sand grains is sufficient to enable the surfooe layer 
to become heated in the sun, so that the air in which the 
leaves of the winter annuals are situated may be as much as 
15° C. higher than that of the air generally, and thus here too 
assimilation is enabled to proceed under temperature conditions 
that elsewhere would inhibit the process (Salisbury, Trans. Norfolk 
and Norwich Nai. Soc., XIII, pp. 336-56, 1933). The advantageous 
effect of hoeing or otherwise cultivating soil around plants in a period 
of drought is in no small measure due to the consequent maintenance 
of large pore spaces, which, whilst they hinder water loss, also 
materially diminish the heating up of the underlying soil. The 
foUowing data, obtained during the drought of the past summer, 
giving the temperature gradients beneath adjacent cultivated and 
uncultivated surfaces show that the breaking up of the surface has, 
by checking the downward conduction of heat, rendered the culti¬ 
vated sou hotter above, but cooler below. 


TABLE VI 


Depth. 

DolUvated Burfsce. 


Avemgc DifTernoee. 
CHlt. - tJlHMlK. 

cm. 

O J. 

•F. 


1 . . . . 

115-^125 Av 120 

101-117 Av. no 

+ 10 

8*5 ... . 

105-110 Av. 107 

9J^-106 Av. 100 

-f 7 

5 . . . . 

87-97 Av. 98 

88-90 Av. 08 

0 

6*5 ... . 

83*5-91 Av. 87 

84*5-02 Av. 89 

- 2 

8-5 ... . 

80-87*6 Av. 83 

82-88 Av. 85 

- 2 

i 


A further effect of organic material is its bearing upon soU 
reaction. Here two different influences must be recognised. 
Oiganic acids are formed during decay of the plant renuuns, so 
that the greater the quantity of these latter the higher the aridity 
is likely to be, and in generol it is true that for a particular type 
of plant community the acidity increases with the oiganic content. 
Secondly, the early stages of decay ate usuaUy more arid than the 
later tsbages. Since the maximum organic content is, as we have seen, 
at the surfooe, and here is situated the least decomposed material, 
it is not Burpriskig to And that the hydrogen ion concentration is 
normally greatest at the surface and deoreases with inocearing depth. 
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TABLE Vn 


VsKTiOAL DisTBiBimoif OP Hydboobk Ion Conobntb&tion BxroasaBD as pH 


Depth 

Qaeroetam. 

Betoletum. 

Fagetiim 

Callanutem. 

V*ooinetnin. 

Old Dtmo. 

In 

0-1 . . 

49 

4 7 

6*3 

4‘8 

39 

6*S 

3 . . 

4*9 

6 1 

a 

1 5 

3 0 

6*9 

6 . . 

6 

a 1 

6*4 

5 

4 

6*9 

0 . . 

5*2 

63 

! 7*2 

61 

4*0 

7 

18 . . 

— 

— 

i 

6*2 

6*1 

— 


Occasionally, where the subsoil is rich in bases, the actual surface 
is less acid than the subsiudaoe, as in the Fagetum here cited, but 
even in Calcioole communities the carbonates have commonly been 
sufficiently leached firom the surface layer not to permit of neutralisa¬ 
tion of the oi^anic acids 
produced. 

The soil reaction is not 
merely important from its 
direct effects upon the 
pUmt growth and the 
widely diverse tolerance of 
different species for hydro¬ 
gen ions, but also from its 
indirect action upon the 
solubilities of toxic sub¬ 
stances, such as the salts 
of alumina, or of nutritive 
substances, such as the 
phosphates. In acid soils 
phosphates tend to occur 
in the form of phosphates 
of alumina and iron which 
are not nearly as readily 
available for plant nutri¬ 
tion as calcium phosphate 
formed during organic 
decomposition in more basic soils. 

As regards the minOTal particles, the vertical distribution in 
natural soils is in general what might be anticipated from the fact 
that weathering is most severe at the surface. That is to say, the 
larger-sized particles tend to increase in amount with depth, whereas 
the day fraction tends to be at a maximum near the surface (c/. 
for exMnple Fig. 5 from data by Alway and MoMiller, Soil Sdence, 



Fro. 6.—Gittdient of Minimal Fraotion*. 
daia from Alway and MoMtlUr^) 
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XXXVI, 281, 1933) despite the downwash to which the finest 
particles are subject. In so far, then, as the mineral particles 
affect the soil texture, their distribution tends to operate in the 
reverse direction to that of the organic matter. 

We are now in a position to attempt to complete our three- 
dimensional picture, and to envisage the effect of the soil structure 
we have been considering upon the growth of the plant. As the 
root grows downwards it normally passes to conditions of increasing 
soil density, thus expending more and more energy on penetration. 
The partial pressure of oxygen decreases and the partial pressure of 
carbon dioxide increases, so that root respiration is rendered pro¬ 
gressively more difficult. On the other hand, the degree of leaching 
decreases as the root descends, so that usually there is a rise in the 
amount of food material for a short distance with increasing depth. 
Also the acidity which may be very high at the surface tends to 
diminish. As regards the water supply, the gradient may be in 
either direction, according to the local topography and season, but 
the fiuctuations in this respect are less marked at the lower levels. 

It is evident, then, that the root system of the plant must 
effect a compromise between the contending advantages and dis¬ 
advantages. Some plants, by the production of a root system, 
differentiated into superficial feeding roots and deep anchoring 
roots, may be said to make the best of both worlds, but for the 
majority the level of maximum development is determined by the 
special idiosyncrasies of the species. WiUow roots are, for example, 
remarkably tolerant of almost anaerobic conditions, and in con¬ 
sequence are more or less indifferent to high concentrations of 
carbon dioxide. Even more striking are the differences with respect 
to the toleration of acidity. It is in general true that amongst 
woodland species the siuface rooting types, such as OxaUe acetosdla, 
are tolerant of high acidity, whilst deep rooted species, such as 
Arum nuiculeUum, are less tolerant, but by their occupation of 
different soil horizons they can develop in the same area without 
seiiouB detriment either from unsuitable soil reaction or frnm too 
severe mutual competition. So also in respect to penetration the 
species with slender rhizomes are superficial, whilst those occupying 
the lower and denser levels have rhizomes that are robust (cf, 
Salisbury, Festschrift K. Schrdter, pp. 334-64, Zurich, 1926). 

These few examples are suflScient to indicate that the archi¬ 
tecture of the soil with which we have dealt has a very real signi¬ 
ficance in determining the character of the vegetation which it bears, 
whilst this in turn plays no small part in modifying the structure 
of the soil in which it is rooted. We recognise the complexity of 
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the interactions which determine the suitability of a particular level 
in the soil for the root development of any one species in this system 
of living and non-living matter that, by the continuing action of 
temperature and precipitation and still more by the living occupants, 
both large and small, is subject to a fourth dimension, the changes 
wrought by the passage of time that constitutes the edaphic 
succession. 

The colonisation of a bare soil surface by higher plants is not 
an event but a process which concerns changes in the organisation 
of the soil no less than in the vegetation which it bears. This 
process affects alike the water content, the soil population, the 
soil aeration, the penetrability of the soil, the soil reaction and the 
composition of the soil solution, though these in varying degrees. 
Hence the nature of the first species to become established on 
any area may be as much determined by tolerance for the initial 
conditions as by the facilities for their dispersal, whilst their con¬ 
tinued presence will in great measure depend on the differential 
effects of the soil structure upon the germination and establishment 
of succeeding generations of the pioneers and their successors or 
supplanters. 



ELECTRON OPTICS 

By L. C. MARTIN, D.I.C., A.R.C.8.. D.Sc. 

A»9iiiant-Profei$or of Toohnical Optics tn the Impsrial CoUogs of Stionot tsnd I'tehnology 

It has long been known that the path of a oathode-ray beam out 
be deflected by suitably disposed electric or magnetic fields, but 
it is only comparatively recently that it hM been shown that a 
stream of electrons derived firom a very small emitting source can 
be re-directed by such fields through a oonrespondingly small focus. 
We have, in fact, a close analogy with ordinary optics ; the radiation 
can be regarded in the first instance as of a oorposoular nature 
although the wave-directed characteristics of the corpuscles have 
ultimately to be considered. The pioneer theoretical work is due 
to H. Busch [1], but its implications were not fully realised until 
a year or two ago. Since then, the subject has developed rapidly, 
and electron optics has important applications in oathode-ray 
oscillographs and electron diffraction apparatus; in addition, 
electron microscopes have been constructed which jdeld fairly sharp 
images under a megnification of more than ten thousand—an 
impossibility for an ordinary microscope owing to the finite wave¬ 
length of visible Ught. Objects suitable for study have to be mounted 
in a vacuum, and they are usually traversed by a beam of electrons 
just as light passes through the object in optical microscopy. 

If an electron, starting from rest, moves over an unobstructed 
path element in which the electric potential increases positively by 
an amount V, the work done is eV where e is the numerical value 
of the electronic charge. This is manifest in the kinetic energy. 
(We shall only consider velocities small in comparison wdth that 
of light.) 

Jmr* = eV, 

where m is the mass. The velocity is therefore 

V = V2eY /m. 

It is usual to indicate the energy in terms of the potential difference, 
expressed in volts, necessary to produce it. Thus we speak of 
“ 1,000'volt ” electrons, and so on. 
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Electrons are produced copiously fiiom the cathodes of 
tubes; in high tension tubes it is oonsidraed that their release is 
due to the fall of the positive ions of the residual gas into the cathode, 
but in thermionic emission internal electrons acquire suffidnot 
energy to pass the potential barrier of the surface; the discharge 
in tubes containing hot cathodes can be maintained with com- 
paratively small potentials, even when dl traces of residual gas 
have been removed. In either case the initial energy of emergence 
is thought not to exceed one or two volts; emergence may occur 
at any angle with the surface. 

Let the field near a cathode surface be uniform, and the direction 
of the force be perpendicular to the surface over a distance I (Fig. 1). 

Apparent point 
of ongm 

1 ,.—— 


fOf t on of 
acceleration 

Pia. 1.—Path of Particle with grazing Emergence. 

Consider an electron emerging, in a direction grazing the surface, 
with an energy volts. It experiences a uniform acceleration 
perpendicular to the surface, and takes a parabolic path. Let the 
total increase of potential up to the distance I from the surface be 
then, since the transverse velocity does not change, the path 
will acquire an angle of with the normal. A simple calcula¬ 

tion will show that the apparent point of origin of such electrons 
will be at a distance I behind the cathode. In a 500-volt tube the 
maxi m u m ang le of such an electron from the normal would be 
about \/2/500 radians, or but the majority of electrons would 
possess divergencies much smaller even than this. In a cold cathode 
tube the particles experience the major part of the potential change 


Actual point 
of origin 



Region of 

^ negative apace-charge 
f {retarding field) 


^Region of 
iaccelerating field 



Fxq* 2.— Pa^ of Partiole with negativo Spaoe-Ohargo near Cathode, 
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in the close neighbourhood of the cathode ; they therefore appear 
to radiate largely in straight lines normal to the cathode surface. 
On the other hand, with a hot cathode, the thermionic emission 
may become so intense that there is an accumulation of charged 
particles (a “ space-charge ”) near the surface (Fig. 2) since the 
velocities near the surface are small. The eflFect is to produce a 
retarding field in this region which will affect the paths of the 
electrons in the sense suggested by the figure. Such effects have 
to be borne in mind when various technical arrangements are 
considered. 

Refraction of Electron Ray by Potential Layer 

Let an electron with energy V pass through a short region of 
path in which an increase of potential dV is encountered. The 
energy can be taken as constant inside the equipotential enclosures 
suggested in Fig. 3; these enclosures have very close plane wire 


Potential y Potential V*dV 



gauze “ nets ” for their adjacent faces and they are at potentials V 
and V -f dV respectively. K these potentials represent the whole 
energy of the electrons traversing the enclosures—a close approxima¬ 
tion in practice—^the velocities before and after traversing the 
potentia l layer are v and v' respectively where v — kVY and 

V = ky/V -j- dV. But since the velocity components parallel to 
the layer must be identical we have 

» sin 0 = sin 0', 

where 0 and O' are the angles of incidence and refraction respeotivelv* 
Thus _ F- O' 

VV sin 0 =. VvTdV sin O'. 

It is clear that we can treat VV (or a constant multiple of VV) as 
a refractive index for a space of potential V in analogy with the 
familiar optical equation (using n and n' for refiractive indices) 

» sin 0 = n' sin O'. 
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ConBider now two such enclosures separating a segment of a 
spherical potential layer of radius r (Fig. 4). Exactly as in the 
case of optical refraction at a single curved surface we can find 



conjugate points on an axial line containing the centre of the surfaces 
such that the distances I and V of object and image respectively, 
assuming paraxial conditions, are given by the equation ^ 

VV +dV VV VV +dV - VV 
V I 

If we make dV small in comparison with V, and make V infinite, 
we find, to a first approximation, 1 = — 2rV /dV ; and this must 
be the “ first focal length.” If we add a symmetrically disposed 
layer we can clearly have both conjugates numerically equal at a 
value equal to twice the focal length, /', of the equi-curved “ lens.” 
Hence f = rY/dV for this case, approximately. 


Fotentmt 



As in optics, the establishment of the conjugate relation for a 
single surface for all paraxial rays, no matter what their exact path 
in the paraxial region, has far-reaching significance, since we con¬ 
clude that the imaging properties must hold for axially symmetrical 
systems generally, and for points close to the axis as well as on 
* The sign convention used is of the ordinary Cartesian character. 
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the axis. The magnifioation will be given by the usual Smith- 
Hehuholtz relation; in this case 

VVAa = VV'A'a', 

where V and V' are the initial and final potentials, a and a' are the 
angles between the axis and the initial and final directions of a ray, 
and h and h' are the linear magnitudes measured perpendicular to 
the axis of object and image respectively. The conception of an 
“ object ” point is, of course, one from which electrons radiate. 

Networks of these kinds have been used in practice, but the 
quality of the images, for reasons which are obvious, is poor. Better 
efiects are produced by the use of axially symmetrical electric fields 
given by charged diaphragms or cylinders, and of which the action 
may be explained in teims of the curvature of the equipotential 
surfaces which exist around them. On account of the axial sym¬ 
metry of the field the forms of the potential layers near the axis 
may be represented to a first approximation by s^pnents of spheres, 
and closer consideration confirms that paraxial imagery may be 
expected. To follow the effect of the surfaces, it must be remem¬ 
bered that the acceleration of the electron at any point is in the 
direction of increasing potential, but that any deviation produced 
by a given change of potential will diminish with increasing velocity. 
Take, for instance, the symmetrically disposed lens illustrated in 
Fig. (a. On entry, the comparatively slow electrons suffer con¬ 
siderable acceleration toward the centre, but owing to their raind 
increase in velocity they are little deviated by the marked obliquity 
of the equipotential lines near the centre. 

The following formula connects the conjugate distances I and V 
of a “ thin ’’ electrostatic lens; it is a generalisation of one given 
by Johannson and Scherzer [2]. 

1 f+'*’ 

where V and V' are the steady initial and final energy potentials 
of the electrons respectively, and V, is the energy of the electron 
at the point z. The potentials may be expressed in volts. The 
integration limits simply represent an integration through the whole 
effective range of the field which, however, is supposed to be so 
limited in extent that the radial distance of an electron does not 
suffer more than a negligible change in traversing it; this is not, 
of course, inconsistent with a big change of direction. In applying 
the conjugate distance relation, the object and image distances are 
assumed large as compared with the range of the '' lens.” 
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In oases where the initial and final potentiids sjre diffiaient, the 
systems have been called, in analogy with optics, “immersion" 
systems. Figs. 6b and 6d show arrangements described by 
Zworykin [3] and by Briiohe [4] respectively. In each case the 
(wiginal positive or collective action is followed by a “ negative 
lens ’’ effect. The equipotential lines sketched approximately in 


Poten^i^l 



Pro. Oa.— “ Single ” Lciw. 


■*■1000 


■*■2800 


Fiq, 6b. —“ Immoraion ’’ Lena. 



the figures are characteristic of a perfect vacuum £tee from discharge 
oantents between the electrodes. The form of the above formula 
shows that a lens of the above kind of limited range oaimot 
have a negative power as a whole; its action most always be 
ooUeotive. 

If a circular diaphragm in a sheet of conducting material separates 
two asdsily symmetrical fields of different strength, an electron 
passing the i^pertnie suffete a deviation (in the r^on of changing 
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fidd strength), which can be described as a lens action of which 
the focal length is given by 

1 _ _ Eft — E„ 
f 4V ’ 

where Eft and E^ are the axial field strengths (say in volts per cm.), 
and V is the potential in vplts representing the energy of the electrons 
in passing. If therefore E* is a positive field strength (accelerating 
a positive charge in the positive direction) and E^ a negative field, 
or a positive field of smaller magnitude, the effect of the aperture 
alone will be that of a negative lens ; the formula takes no account 
of the fact that the paths of the electron, before and after passing 
the aperture, will in general be curved. It is not a complete formula 
as it stands. 

Footrsmo by Spaob-Chabob 

We have only room to mention here that sometimes, as in 
oscillograph tubes, a certain amount of residual gas is present; 
this becomes ionised along a ray track. The negative ions are 
generally electrons of small mass and they quickly diffuse away, 
but the positive ions are atoms (which have lost one or more electrons) 
and are comparatively heavy and slow-moving. The result is that 
there is formed a “ space-charge ” with more or less cylindrical 
symmetry giving rise to a radial electrostatic force which tends to 
give an electron an acceleration towards the axis. Electrons from a 
given point source, therefore, tend to focus along the direction of 
the mean ray track from that point, and the image formation is 
erect and of unit magnification if the mean ray tracks from an 
assemblage of points are parallel. 

Focusing can also be effected by space-charges produced by 
auxiliary means, but in general the image formation is extremely 
dependent on the nature and pressure of the residual gas, and the 
energy of the electrons. It is less amenable to control than the other 
devices, and may interfere to an uncertain degree with the precision 
of their action unless the vacuum is made as perfect as possible. 

Focusing by Maonbtio Fieu)S 

It is a commonplace in books on physics that a charged partiole 
moving in a direction perpendicular to the lines of force of a magnetio 
field takes a circular path of radius r = rro/He where v is the velocity, 
m the mass, H is the strength of the magnetio field and e the magni¬ 
tude of the charge. If the partiole has also a velocity component in 
the direction of the field it^takes a spiral path (Fig. 7), crossing the same 
line of force at equidistant intervals. Busch used this phenomenon 
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to obtain a meaBuroment of the e/m ratio, working out the theory [ 1 ] 
as a particular case of the general problem of the effect of axially 
symmetrical electro-magnetic fields. He dealt also with the case of 
a magnetic field of limit ed range of action, and showed that it has 


^Direction of velocity 
I component perpendicuUn 
( to field of electron 


Magnetic 


n 




force on 
electron 
(Hev) 


FT 


Circular path tf 
electron hmo no 
velocitu m direc 
tion of field 
Fia. 7 , 



^ Spiral path 
t^hen electron 
has velocity 
m direction 
of field 


properties analogous to those of a lens. As in the case of an electro* 
static “ tliin ” lens of limited range, the conjugate distance relation 

V i /" 

holds, if the initial and final energy potentials are the same, where 


1 




r 8VJ 

17 being the ratio e/m, V is the energy of the electrons passing the 
coil and H, is the strength of the magnetic field at the point z . Electro* 
magnetic units are now assumed for all quantities. In the case of 
a short solenoid, a first approximation is 


^ 3jF«nV*\ S\aj )’ 


where 21 is the length of the coil and a its radius, J is the current 
strength and n is the number of turns per centimetre. The above 
formulss are only reasonably accurate if the conjugate distances 
are long in comparison with the effective range of the coil’s magnetic 
field. The formula shows that negative powers cannot be obtained. 
If both “ thin ” electrostatic and magnetic fields are present, the 
conjugate distance relation is 
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Very intense axially symmetrioal fidkls can be obtained with 
coils of many turns, heavy currents, and specisd pole pieces. 

Abbrbations 

Those familiar with optical theory will readily recognise that 
the electrostatic lens systems discussed above will exhibit all the 
general types of aberration characteristic of lens systems when the 
images and rays considered are no longer of paraxial character. 
Theory shows that the same is true of magnetic systems, but there 
are then further complications. 

The analogue of chromatic aberration lies in the difference of 
velocities of the electrons, but the effect is small in practice. Take 
the case of a tube using 1,000 volts. Electrons emerging from the 
cathode with energies varying between 0 and 2 volts will possess 
final energies between 1,000 and 1,002 volts, and the formulae show 
that the focal length of a net lens, or coil, will have the same pro¬ 
portionate variation. The small apertures of the systems used at 
present madce this chromatic aberration negligible in comparison 
with other difiiculties. Inspection of the formulae already given 
will show that both for simple electric and magnetic lenses the focal 
lengths are (at least to a first approximation) directly proportional 
to the potentials representing the energies of the electrons, and this 
removes the possibility of effecting achromatism by combinations of 
such simple lenses. It has been claimed [4], however, that a single 
diaphragm can function as a positive or negative achromatic lens; 
this is justified by a closer consideration of the theory, which calls 
for a modification of the approximate formula given above for the 
“ single diaphragm ” case. The conditions for achromatism would 
seem, however, to be of little value in practice. Spherical aberra¬ 
tion affects the paths of “ rays ” at finite angles with the axis, but 
in practice the angular aperture may be restricted to a degree which 
would not be possible with light while stiU retaining sharp images; a 
magnetic “ microscope lens ” may work at a numerical aperture of 
1/60. The considerations given in the early part of this article show 
that the extreme angular divergence of the rays in a discharge tube 
may be very small unless special means are adopted to increase it. 
With improving technique, no doubt spherical aberration will have 
to be studied and removed if anything approaching the ultimate 
possibilities of the method is to be realised. 

Coma, astigmatism, curvature of field, and distortion will be 
encountered both in electric and magnetic lenses, but magnetic 
focusing fields produce rotations of the images in addition. 
Glaser [6] has shown that the paraxial image formation can be 
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desoribed in terms of Gaussian optics, with its {Minoipal planes, 
focal points and the like, but a paraxial ray in a plane containing 
the axis will, after refraction, lie in a new plane also containing the 
axis but rotated through a certain angle ^ with respect to the first 
where 


= - 




The rotation is suggested in Fig. 8, and it may be regarded as 
constant for paraxial rays, but the more exact analysis shows that 



Pio. 8. 


the value of the turn depends on the slope of a ray with respect to 
the axis when this becomes finite. For a finite-sized aperture this 
must result in a loss of definition ; rays at different finite angles 
do not meet in the same point. Glaser calls this action “ bild- 
zerdrehning ” or “ image twisting.” We shall have, however, to 
deal also with an action analogous to distortion in optics in which 
we find, not only the loss of definition of the image due to coma, etc., 
but also a displacement of its parts when the aperture is indefinitely 
small. If English terms may be suggested we might call the 
differential rotation of tl\e various parts of the image (which would 
be seen with an indefinitely small aperture) “ image twisting.” 
The rotation aberration causing a loss of definition when the aperture 
is increased could be called ” image wringing ” since this word is 
occasionally employed to signify injury through twisting. 

Applioatioks and PossiBiunBs 

While considerations of electron optics have had important 
applications in the design of cathode ray oscillographs [4], the most 
attractive possibilities appear in microscopy. Very hi^ magnifica¬ 
tions can ^ given by the use of successive ” lenses.” Fig. 9 shows 
an electron microscope of the type used by Knoll and Ruska [7], 
in which a cold cathode discharge (10 to 100 kv. may be employed) 
acts as the source of radiation. Successive magnetic coils, ironclad 
to concentrate the axial field, act as condenser, objective, and 
projection lens; these i»ojeot the image on to a fluorescent screen, 



SCIENCB FBOOBBSS 


436 

where it ocm be observed or photographed. The objects stadied 
should conduct electricity (that they may not accumulate a charge) 
and be capable of withstanding the discharge; they must be 
mounted so that heat and electricity can be conducted away. So 
far, Buska and his colleagues have only studied simple objects like 
metal foils showing small apertures, also carbonised cotton fibres 
and the like, but it will psobably be possible to study biological 
preparations after suitable “ staining ” and mounting methods have 
been developed. 

The ultimately possible resolving power is presumably only 
limited by the aperture of the system and the de Broglie wave- 


Source o/I 
radieition 


Obiect_ 

pUne 


Jntermedm^ 
/mage 


Window 


-Cathode 

Anode 


m] Condenser 
cod 


Directive 

cod 


i) 


^ Pr^ection 
cod 




Image pUne~\ 


^Shutter 


Fio. 9, 


length, X — , where V is the electron energy in volts. 

If the ordinary resolving power formula for the microscope, 
d = 0-6A/A, where A is the numerical aperture, is applied to this 
ease, we find that the limit of resolution in the object will be 
1-6 X if and when an aperture of 01 can be used with 

1,500-volt electrons. So far it has not been foimd practicable to 
use apertures exceeding 0-02, but the definition appears to allow 
a tisefiil magnification of 8,000 or more [8], and the resolution 
already attained is of the order of 0'05ju, whereas the best that can 
be done with ultra-violet microscopy is about O-l/i. 

Much remains to be done in the study of the aberrations and in 
development of the vacuum mountings and vacuum photography. 
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At the Imperial College we have developed a type of apparatus in 
which optically flat joints are used in place of the rubber gasket 
joints used by Ruska; we have also now produced and used a 
camera which allows of the introduction and withdrawal of a photo* 
graphic plate into the vacuum without the admission of air (which 
may spoil a “ hot ” cathode). Although as Ruska has shown, very 
high magniflcations can be obtained, they will be of little use till 
perfection of the vacuum technique and a perfect control of the 
whole of the conditions can be ensured. If it should prove possible 
to correct the aberrations over an aperture of about 0*1 the Abbe 
principle indicates that we may even begin to study the space- 
lattice structure of crystals by direct images, since the electron 
diffraction rings in many cases are included in apertures of this 
order. 

In bacteriology there is ground for hope that even filter-passer 
organisms, hardly amenable to study by ordinary optical methods, 
may ultimately be “ brought to book,” since the limits of resolution 
set by the finite wave-length of ordinary light can now be surpassed. 
Since the wiiting of this article a comprehensive treatise [9] by 
Briiche and Scherzor on the whole subject has appeared, and 
reference to this book may be made for fuller details. The author 
is indebted to Herr Ruska and to Herr Julius Springer of Berlin 
for permission to reproduce Fig. 9. I am grateful also to my col¬ 
leagues Dr. H. J. Starks and Mr. D. H. Pamum for their assistance 
in preparing this article. 
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THE PREVENTION OF MINE EXPLOSIONS 

With special reference to the work of the Safety in Mines Research Board, 
By J. W. WHITAKER. Ph.D.. F.I.C.. M.I.Mm.E. 


The explosion at Gresford Colliery, near Wrexham, in September 
last, in which 265 lives were lost is another tragic reminder that 
safety from such disasters is by no means yet achieved and that 
continued research, education, and supervision are necessary. Un¬ 
fortunately calamities of this kind are sometimes used by the un¬ 
scrupulous for propaganda to the effect that the scientific work in 
which the dangers of firedamp and coal-dust (and the causes of 
mine accidents in general) are ^ing investigated is futile or incom¬ 
petent. Before reviewing the work done, therefore, attention must 
be called to the fact that the scientist’s sphere is bounded by and 
ceases with the recommendations he makes : the matter then passes 
to the hands of the legislator, and if it goes further the final canying 
out of the instructions is in still other hands. When accidents 
happen it is by no means certain or even likely that the scientist 
is at fault. Occasionally a new set of conditions arises which might 
have been foreseen, but the probable cause is “ human nature ”— 
».e. apathy, thoughtlessness, fatigue or foolhardiness on the part of 
those whose duty it is to carry out the various instructions given. 

To deal with “ human nature ” is not within the scope of the 
scientist as ordinarily understood: it is the sphere of the educa¬ 
tionist and of the psychologist. This development is already on 
the way. 


Fibedamp and Mine Lamps 

At the beginning of the present century the study of firedamp 
was little further advanced than where Davy had left it seventy 
years earlier. Davy had shown that firedamp was essentially 
methane, and that compared with hydrogen and other common 
inflammable gases it was difficult to ignite. He gave its approxi¬ 
mate limits of inflammability in air, and thus fixed its explosive 
range. “ When mixed with between 6 and 6 times its volume 
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of air it exploded feebly. It exploded with moat etiei^ when 
mixed with 7 or 8 times its volume of air, and mixtures of firedamp 
and air retained their explosive properties when the proportions 
were 1 of gas to 14 of air (i.e. 6-7 per cent.). One of oarbonio acid 
added to 7, or 1 of nitrogen added to 6 parts of the explosive mixture 
rendered them inexplosive.” {GoUecied Works, VI, 10,1840.) Davy 
notes that red-hot iron (or glowing charcoal) will not ignite an 
explosive mixture of methane and air blown over it; also that 
“ the gas in any proportion with common air will not explode in 
a small tube the diameter of which is less than inch or even in 
a larger tube if there is a mechanical force urging the gas through 
the tube.” 

Most of the explosions in mines were due at that time to 
ignition of firedamp from the fiames of the lamps or candles used, 
and Davy in designing his earliest lamps relied on the following 
prindples, “ First, a certain mixture of axote (N) and carbonic acid 
(CO,) prevents the explosion of the firedamp, and this mixture is 
necessarily formed in the safe lantern. Secondly, the firedamp will 
not explode in tubes or feeders of a certain small diameter. The 
ingress into and egress of air from my lantern is through such tubes 
or feeders; and therefore when an explosion is artificially made 
in the safe lantern, it does not communicate to the external air.” 
His first lamps were designed in the above way with small inlet 
and outlet tubes. Later he used concentric tubes for the inlets, 
and finally the well-known wire gauze cage through which both the 
feed air and the products of combustion had to pass. 

Davy further showed that firedamp was non-poisonous, that 
one could breathe a mixture of 1 part of the gas with 3 of air, and 
went so for as to suggest the use of a coil of platinum wire inside 
the gauze in order that emergency work might be carried on in 
explosive atmospheres, by the burning of the gas itself and the light 
emitted from the incandescent platinum I This procedure has not 
commended itself to mining men—^whioh is to be expected in view 
of the fact that the risks are high enough when precautions are 
taken and the atmosphere normally contains only traces of methane. 

Davy’s simple gauze lamp—^there was generally one gauze with 
another fitting on the top as a cap—was proved unsafe in explosive 
mixtures of firedamp and air moving with a velocity greater than 
a few feet per second. The safety fatotor, however, was improved 
considerably by placing the lamp in a container (to protect it from 
draughts) ndth a glass window. Later a cylindrical glass was fitted 
to the lamp, the gauze was out away round the fiame, two complete 
gauzes were provided, both fitting directly on the lamp glass, and 
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finally a bonnet or shield was added to protect the gauzes from 
air currents and mechanical damage. 

In some lamps an internal chimney was also provided— t.g. the 
Mueseler, and various combustion-tulM lamps. Internal chimneys 
of this kind increase the candle power and, if the chimney is carefully 
designed, improve the safety factor of the lamp. 

The most dangerous conations for aidame lamp, assuming that 
it is mechanically sound and properly assembled, are those when 
the flame is very low—and as the fireman or deputy tests for gas 
with a low flame, it is important to understand the conditions.^ 
The lamp may fail in two ways (1) by passing the flame of an internal 
explosion, or (2) by passing the flame when gas has been burning 
continuously in the gauze. An explosion inside the lamp is most 
violent when there is about 9 or 10 per cent, of gas present, and 
the lamp is full of this mixture. If the flame is high, the products 
of combustion (present in large quantity) are useful, not only in 
excluding the explosive mixture of gas and air, but also in tending 
to extinguish any inflammation. Assuming, however, that the 
mixture is ignited with a low flame, the inflammation travels into 
the gauze with increasing velocity; and the taller the gauze the 
less is its ability to arrest the flame. Incidentally the manner in 
which flame is arrested by a gauze or small tubes is a far more 
oompUcated problem than originally assumed. 

In the second place gas ignited inside the gauze may bum there 
imtil the gauze is hot enough to give external ignition. To obtain 
the most dangerous conditions in this respect, one requires a rapid 
supply of a 9-5 per cent, methane mixture, but the period of contact 
of the mixture outside the gauze should be less than the “ lag on 
ignition.” The worst conditions will exist when such a flow is 
suddenly stopped, and safety lamps have to pass a test of this kind 
before approval. 

The provision of a bonnet or shield for the gauzes reduces the 
rate of supply of the (explosive) mixture to the lamp, and thus 
prevents the rapid generation of heat necessary to cause the gauzes 
to pass flame. In addition the bonnet also acts as a protection 
against damage by a blow. 

^ The fireman usee a low fiame (about inch high) in order to make it 
practically non-luminous. Under theee conditions he is able to see the 
methane burning on the top of the fiame as a pale-blue cone whose size 
varies with the percentage of gas present. With experienoe it is possible 
to say whether this percentage is 1,2,3, or 4. The lower limit of infiammation 
is about per cent. Men are withdrawn from any place if 2^ per cent. Is 
present in the main body of the air at that place. 
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Davy’s lamp was a small one, little over half the size of some 
modem flame lamps—and in general small lamps are safer than 
large ones, even if the latter have the air feed restricted. The glass 
is the really weak spot in the modem flame lamp—although it is 
well protected by pillars and is of stout oonstmction. With regard 
to the candle power of the lamp, it may be said here that modem 
researches by Wheeler and Woodhead have shown that a coarser 
mesh of gauze than that used by Davy is safe, and results in a much 
improved light. Their investigations have also shown (1927) that 
slightly taller gauzes of Davy’s mesh (28 apertures to the linear 
inch) give still better results, and are equally safe. Duplicate 
gauzes of this kind or of the coarser mesh (20 apertures to the inch) 
are now extensively used. The candlepowers obtained with these 
lamps are about twice those given by the older types— i.e. prior 
to 1927. Much of this work was the outcome of the investigations 
of the Miners’ Lamps Committee (1920-26). 


Ventiiation Requirements of the C!oal Mines Act, 1911 

The development of the miner’s lamp in the nineteenth century 
was rather haphazard. Various commissions were appointed to 
consider the question of lamp safety and design, and of the other 
causes of mine explosions—but little systematic scientific research 
was done. However, the fact that the lower limit of infiammation 
was attained when between 6 and 6 per cent, of “ gas ” was present 
soon became well appreciated, and the Coal Mines Act 1911 em¬ 
bodied the following regulations : (I) Men must be withdrawn from 
any place in which the percentage of inflammable gas in the main 
body of the air exceeds 2^, and the place must be fenced off in all 
means of ingress. (2) In naked-light mines, safety lamps must be 
substituted for naked lights if the percentage of inflammable gas 
in any place rises to IJ, or the men must be temporarily withdrawn. 
(3) Safety lamps must be used instead of naked lights in any seam 
where the return air from any ventilating district contains normally 
more than | per cent, of firedamp. (4) All electric machinery must 
be switched oflT if there is present more than 1J per cent, of firedamp 
in the air. 

These figures seemed to allow a fair margin of safety—especially 
as the safety lamps were supposedly safe. But the evolution of 
“ gas ” in the mine is by no means st^Mly, and absolutely continuous 
testing for gas at all working places is impracticable. Naked-light 
mines may seem to be treated rather generously, but in such mines 
gas is exceptionally rare and sometimes unknown. 



442 


SCIXNOE FBOOBS8S 


SySTBMATTO iNVHSTiaATrOlT OF EXFLOSIOKS 

In spite of the above and earlier regulations on the proportion 
of gas allowable, and in spite of the fact that many mines were 
almost free from gas, large explosions continued to occur. The 
reports of the Royal Commissions were indefinite, and it was not 
until the Mining Association experiments were started in 1908 at 
Altofts near Leeds, that systematio investigation was earned out. 
The experiments were done first under the direction of Sir Wm. 
Garforth. In 1911 the experimental gallery, 760 ft. long and made 
of boiler shells 7 ft. 6 in. in diameter, was transferred to Eskmeals 
and the work taken over by the Home Office, Dr. R. V. Wheeler 
acting as chief chemist and later as director. The Eskmeals experi¬ 
ments were coxitinued from 1911 to 1924. The Safety in Mines Re¬ 
search Board took over the work in 1921, and in 1924 recommended 
that a new and smaller diameter gallery should be constructed and 
the research station moved to Buxton, The experiments have 
been continued there since 1926 in the new gallery which is 4 ft. 
in diameter and 1,000 ft. long. 

These experiments have proved beyond question that coal-dust 
clouds in air are violently explosive,^ and that coal-dust is particu¬ 
larly dangerous in its ability to spread explosions throughout the 
mine. In other words, while coal-dust is not particularly easy to 
ignite, yet it is highly dangerous if an ignition of dust (or gas) 
does occur, as the dust raised supplies the necessary medium ibr 
the propagation of the explosion. The experiments, however, were 
valuable not only for studying coal-dust explosions and their pre¬ 
vention, but also because they necessitated scientific staff and 
laboratory equipment for the study of all problems relating to 
mining accidents. Consequently, these experiments laid the foun¬ 
dations of systematio scientific research into mining accidents and 
their prevention. For some years the direction of the research 
has been in the hands of Dr. Wheeler, who is also Professor of Fuel 
Technology in the University of Sheffield. Much of the small swde 
work is carried out at the Sheffield laboratories. 

Ignition and Explosion op Fibedamp—Latbb Rbsbabohxs 

Wheeler gives the following limits of infiammability for firedamp- 
air mixtures—contained in a closed glass tube 2 metres long and 
6 cm. diameter. 

^ Lyell and Faraday in 1844, Galloway in 1870, Hall in 1876, and J. J. 
Atkinson and J. B. Atkinson in 1886 had all supported view. 
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Oirootloii of ProjiagatioQ. 

Methane, per oeat. 

Lower Limti* 

Opper Limit 

Upw«urd. 

5-4 

14*8 

Horizontal. 

5-4 

14-3 

Downward. 

60 

13-4 


If the dimensions of the tube are greater there is no marked 
difference; but if less, the values change, the lower limit rising 
and the upper falling, thus narrowing the explosive range; until 
with a tube 0-45 cm. diameter the only mixture which will ignite 
at all is one containing 9-95 per cent, of methane. The theoretical 
mixture for complete combustion in air is one having 9-6 per cent, 
of methane; and it is interesting to note that the mixture which 
best propagates flame is richer than this, yet that which is most 
easily ignited by a feeble spark or other means is weaker—generally 
a 7 or 8 per cent, mixture. 

In the mine common sources of ignition of methane are the 
flames from explosives used in blasting and the heat (adiabatic 
compression) developed by the pressure, the flames of defective 
lamps and naked lights, the flames and red-hot material of fires 
(started by spontaneous combustion or other cause), the filaments 
of damaged electric lamps, electric sparks, and the sparks generated 
by friction of certain very hard rooks. Most rook sparks are harm¬ 
less ; indeed, it is generally where a hot spot develops in the rook 
that ignition takes place. 

Wheeler and his cvi-workers have shown that the factors govern¬ 
ing the ignition of methane-air mixtures are (1) the proportion of 
“ gas ” present; (2) the temperature of the igniting source; (3) the 
temperature of the mixture; (4) the rate of heat loss to the sur¬ 
roundings ; (5) the pressure. 

When a source of heat is introduced into an inflammable mixture 
of methane and air, the time interval before inflammation occurs 
is known as the “ lag on ignition.” During this period “ preflame 
combustion ” is taking place, and a small amoimt of heat is developed. 
Unless, however, the temperature rises beyond a certain value 
actual inflammation will not occur. With a flame as the igniting 
source the lag period is small, generally less than 100 milliseconds; 
but if a source of heat of leas temperature be employed the lag 
may extend to several seconds; and if the gases are in motion, 
thus helping in the dissipation of the heat, the lag period is still 
greater. Indeed, actual ignition is not easy to produce in a current 
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of methane and air, unless the temperature of the igniting souroe be 
well above that of red-hot iron or charcoal—as Davy claimed. It 
is also found that if the mixtme be heated (to TOO^-SOO® C.) inside 
a quartz vessel (quartz, to reduce catalytic effects of hot surfaces) 
it is inflammable if only 4 per cent, is present; and the hotter the 
vessel, the shorter the lag. H. B. Dixon htis given the ignition 
range of methane in air as, 680° C.-740° C., an exact value being 
unattainable owing to surface effects. The above range refers to 
ordinary pressure conditions, the methane and the air being heated 
separately before mixing. 

Dixon has also found the “ ignition point ” using adiabatic 
compression in a cylinder fitted with a piston. The piston is driven 
in by a falling weight to a certain (variable) distance; the piston 
is then arrested and held by catches, and observation made. It 
is found that the most sensitive mixture contains about 7-5 per 
cent, of methane, and that it is fired when the original volume 
is compressed to 8-7 per cent, of its value, the pressure then 
being 28 atmospheres and the calculated temperature 428° C. In 
other words at this stage the mixture had attained a self-heating 
point hot enough to result eventually in inflammation. The prac¬ 
tical results of these experiments are that the shock waves from 
explosives in blasting may ignite methane-air mixtures present near 
the shot hole or in crevices communicating with it. 

Electrical Apparatits and Ignition of Firedamp 

With regard to ignition by electric sparks it has been found 
that the mixtiue most easily ignited contains about 8-3 per cent, 
of methane, no matter what the nature of the electric spark may be. 
Wheeler in The Electric Ignition of Firedamp (Paper No. 20 of the 
Safety in Mines Research Board) distinguishes between Capacity 
Sparl^ and Inductance Sparks, the former being “ jump ” sparte 
such as those obtained from a high-tension magneto exploder. 
The incendivity of these magneto sparks is high. The spark 
when analysed by photographic means is seen to consist of a bright 
flash lasting only for a fraction of a millisecond followed by a series 
of smaller flashes which eventually become a band of l^ht. The 
first flash is called the “ capacity component,” the succeeding 
phenomena the “ inductance component.” Inductance sparks, such 
as those obtained when the current in an inductive circuit is inter¬ 
rupted by breaking the circuit, are of less incendivity, the less the 
inductance of the circuit, and the less rapidly the contacts are 
separated. The nature and volatility of the metals at the contacts 
axe also of importance—with capacity or inductance sparks—^the 
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more volatile the metal, the longer is the aro, and the more likeli¬ 
hood is there of ignition of the gas. Capacity sparks have greater 
inoendivity than inductance sparks because, according to Wheeler, 
they communicate their energy the more rapidly to the mixture 
of gas and air. Inductance sparks are produced in bell signalling 
in the mine, not only at the trembler contacts, but also at the 
wires when the circuit is broken. 

The Senghenydd Ck)lliery explosion in 1913 in which 439 lives 
were lost, and the Garswood Hall Colliery explosion as recently as 
1933 in which 27 lives were lost, have been attributed to sparking 
on the signal bell circuit in use at the time. The General Regulations 
of the Coal Mines Act require that all electrical apparatus must be 
so constructed, installed and maintained that there is no danger, 
and the usual way of guaranteeing this is to instal only apparatus 
that has been certified by the Mines Department. 

Safety Pamphlet No. 8 issued by the Department in 1933 explains 
the conditions which make for safety in signalling circuits, and also 
the grounds upon which apparatus for this work is now approved 
or rejected. The spark-suppressing devices may consist of insulated 
closed circuits, wound along with the ordinary operating winding 
of the bell or relay; or a copper sleeve may be fitted over the 
bobbin. Either of these devices functions as a short-circuited 
winding of the secondary coil of a transformer and thus absorbs the 
energy latent in the primary when the circuit is broken. Non- 
inductive resistances are also used as shunts across the operating 
windings, thus offering discharge paths for the current when the 
circuit is broken. The maximum signalling voltage allowed in coal 
mines is 25. 

Precautions have also had to be taken with mining telephones 
of the magneto ringing type as a result of investigations at the 
Blines Department Testing Station at Sheffield. 

Eleotbio Lamps 

Ignition of firedamp by the filaments of damaged electric lamps 
is an obvious source of danger in the mine, and has been studied 
by Wheeler and Shepherd, and by Allsop and Thomas in Papers 36 
and 80 respectively. Wheeler and Shepherd have shown that the 
tungsten filament of a lamp which is ordinarily at 2,000° C. 
{± 200° C.) ignites a gas mixture by convected heat; but if the 
tungsten filament is at a much lower temperature (less than 
1 ,200° C.), ignition of the methane-air mixture may not take place 
for several minutes, when it is eventually effected by the actual 
burning of the wire. 
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Mmers’ electric handlamps (i.e. lamps with their own aooumu' 
lators) have their bulbs protected—as have ordinary fixed electric 
lamps—^by an outer glass of strong construction ; but even so they 
are by no means safe. Allsop and Thomas have investigated the 
possibilities of devising suitable protective cut-outs. They have 
found that if the bulb is broken and the filament exposed, when the 
ciurent is greater than 2 amps, it must be switched off before the 
exposure of the filament if ignition is to be avoided. When the fila¬ 
ment current is less than 1 amp., the permissible delay is between 
0-02 and 0-12 second. This is small, but large enough to leave 
open the possibility of devising a cut-out. Gas-filled bulbs are less 
dangerous than vacuum bulbs; and filaments carrying lighter 
currents are less dangerous than those carrying heavier—less 
dangerous as measmed by the time lag on ignition. The dangers 
of ignition of the hydrogen evolved fiom the accumulators have 
also been investigated by the research staff of the Board. These 
dangers are naturally greater where a switch is provided with 
the lamp. 


FlAMB-PkOOF ElKOTEICAL APPAKATtrS 

General Regulation, 132, of the Coal Mines Act contains the 
following: “In any part of a mine in which inflammable gas, 
although not normally present, is likely to occur in quantity sufficient 
to be indicative of danger, the following additional requirements 
shall be observed : 

(i) All cables, apparatus, signalling wires and signalling instru¬ 

ments shall be constructed, installed, protected, worked 
and maintained so that in the normal working thereof 
there shall be no risk of open sparking. 

(ii) All motors shall be constructed so that when any part is 

live all rubbing contacts (such as commutators and slip- 
rings) are so arranged or enclosed as to prevent open 
sparking. 

It is this second part which enforces flame-proof enclosures for 
electric motors, switches, and the like. A flame-proof enclosure is 
not a gas-proof enclosure (which would be practically impossible) 
but one in which either (a) the casing is strong enough to withstand 
any internal explosion or (6) the casing has vents which allow of 
release of pressure but not of the passage of flame. 

The Safety in Mines Research Board have given careful attention 
to this matter—which is indeed of vital importance. Papers Nos, 
10, 21, 35, 49 and 60, have dealt with various aspects of the fvoblem 



THE PBEVHNTION OF MINE EXPLOSIONS 447 

and with different designs of apparatus, including Protection by 
Flange, Ring-relief, and Perforated-plate Devices. 

The tendency, however, is to make the casings more robust— 
strong enough to withstand 100 lb. per sq. in. pressure, the maximum 
normally attainable—and not to rely upon narrow spaces (less than 
■jV in.) between flanges or the fine openings in other devices for pres¬ 
sure relief. The experiments in these researches have also shown 
the importance of “ Pressure Piling.” Wheeler and Statham in the 
1029 summarising report (Paper No. 60) state that “ if two vessels 
coupled together, the ratio of the volumes being less than 10 : 1, 
are filled with an explosive mixture and ignition occurs in the 
larger, a considerable d^s^ree of turbulence will be produced within 
the smaller vessel owing to the explosion in the larger, and the 
flame projected into the smaller vessel will be of large size. The 
explosive mixture in the smaller vessel will therefore be turbulent 
and the source of ignition large. Under these conditions a sudden 
and rapid production of pressure takes place within the smaller 
vessel. If the vessel into which the flame of the explosion is travel¬ 
ling is large, and that in which the explosion begins is small, the 
turbulence produced in the larger vessel is inconsiderable, whilst 
the flame projected tlirough the communicating passage is small 
in comparison with the volume of the vessel.” The former case 
is clearly the more dangerous, and if the volume ratio is far more 
than 10 : 1 the pressures developed may be very great. “ The 
causes of these high pressures, which are rapidly developed, are: 
(o) Compression of the mixture before ignition, (6) turbulence of 
the mixture, owing to the rapid in-rush of gases, ahead of the 
flame, from the larger casing, and (c) igpition by a large flame pro¬ 
jected through the communicating passage.” ... ” The results 

indicate that in the design of flame-proof enclosures for electrical 
apparatus, care must be exercised to avoid interconnected depart¬ 
ments.” 

It has been demonstrated that coal-dust in the apparatus does 
not impair the safety, but it is recommended that such dust sliould 
be excluded as far as possible as it may be detrimental simply as 
foreign matter. Wheeler and Statham (loo. oit.) suggest that to 
attain this ” with flange protection rough machined flanges or spring 
relief bolts probably offer the most convenient means. With the 
ring reUef device, a hood extending down the outside of the rings 
prevents excessive entry of d\ist. With the perforated plate and 
the plate relief devices, a covering of lead foil is effective.” 

Attention has also been given to strength and shape of the 
casings, the danger of unbottomed holes, the flange width, clearance 
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at shaft or spindle bearings, fittings at the cable entry, the design 
of safe plug-and-Booket connections, and the interlocking of apparatus 
to prevent misuse, meddling or neglect. The recommendations of 
Paper No. 60 on these heads are worthy of most careful reading 
by all concerned with fiame-proof casings. 

The question of oil-immersed gear raises its own special problems. 
Gases are produced from-the oil on breaking the circuit—the gases 
being mainly (70 per cent.) hydrogen with some 20 per cent, of acety¬ 
lene and about 5 per cent, of ethylene and 5 per cent, of methane. 

Mixtures of these gases with air are far more violently explosive 
than a methane-air mixture. For instance, the fiames produced 
from a hydrogen-air explosion easily passes through flanged ^ joints 
2 in. wide and It is suggested that added robustness 

of casing is the soundest solution to the problem—unless venting 
devices designed specially for arresting such rapid flames are em¬ 
ployed. The matter is at present under investigation. 

The question of the projection of the flame of a firedamp explosion 
has been investigated by Burgess (Papers Nos. 27, 42 and 83), wh<r 
has shown that a 1 :9 ^damp-air mixture on explosion may ex¬ 
pand sufficiently to be capable of projecting flame throughout a 
volume equal to six times the volume of the original mixture. 
Burgess has also shown that with certain arrangements of side 
galleries the maximum distance of flame projection is obtained 
when there is more than 10 per cent, of methane present, and this 
distance may be somewhat greater than the calculated value. The 
importance of these researches and conclusions is obvious to the 
mining man who has to combat gob-fires by building stoppings 
behind which a “ gas ” explosion may occur. 

Gob-fibss 

Gob-fires are fires started by the oxidation of small coal and 
pyrites in the gob or goaf, t.e. in the area left after the coal has 
been extracted. This area is packed to varying degrees of thorough¬ 
ness with stone, and subsidence helps eventually in the sealing 
process. Nevertheless, air leakage through the gob is quite common 
and sometimes difficult to avoid, and with certain coals oxidation 
and selfheating to ignition takes place. Pyrites help in the process 
in many seams. Underground fires may thus be started, and if 
the seam is “ gassy,” explosions are likely. In any case gob-fires 
are a source of great anxiety and danger. 

Researches into the spontaneous combustion of coal have been 

^ Flanged joints 1 in. wide and in. apart are just safe with methane-air 
mixtures. 
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carried out by a number of investigators including Richter, Fayol, 
Haldane, WinmiU, Wheeler, Sinnatt, Graham, Drakeley, etc.; 
but perhaps the recommendations of E. 0. Simoook (in Ftid in 
Science and Practice, 1925, 4 ) have been of the most practical help 
in enabling the mine manager to deal with such fires, once they 
have started. The indications of gob-fires are well known to the 
mining men working in seams liable to spontaneous oombostion: 
they include the particular smell of “ gob stink,” sweating of the 
strata (t.e. condensation of water vapour or steam from the fire), 
traces of H,8, CO and CO, in the air, and a lowered oxygen 
content. 

The usual manner of treatment if the fire is small is to dig it 
out, fill into iron tubs, quench with sand, and send to the surface. 
If, however, digging out be impracticable, it is common to seal 
off the district with stoppings built of stone, sand and clay, and 
thus exclude the air. It is behind such stoppings that explosions 
may occur, especially just after sealing ; and in any case the heated 
material may remain hot for very long periods—months and years 
—so that the reopening of a district is a dangerous procedure. 

Simoook had observed in practice that the most dangerous fires 
to seal off were the small ones, especially when the sealed-off district 
was comparatively large, and the rate of sealing slow. He recom¬ 
mended, therefore, that temporary stoppings (made of unbumt 
bricks or the like with sand or 8(^, but made of timber in emer¬ 
gency) should be built as near as possible to the fire, and that the 
woi^ should be done rapidly. No attempt should be made to 
subdue the fire gradwtUy. In fact, the more vigorously it is burning, 
the more easily is it brought under control: the products of oom- 
bustion create an extinctive atmosphere behind the stoppings and 
thus prevent an explosion of gas there. 

Simoock’s contentions led to the construction of the experimental 
gob-fire chamber at Buxton, and the researches carried out there 
have largely vorified his experience in the mine. They have also 
led to a study of the alterations in the atmospheres tohind suoh 
stoppings (Paper No. 76), amd to a study of the revival of heatings 
by inleakage of air (Paper No. 76). Recmtly the chamber has been 
reoonstraoted, and further researches are in progress. 

Ignition by Exflosivi!S 

The Safety in Mines Beaearoh Board has published several 
papers on explosives and the means of making them less dangerous. 
All explosives give flame, and although the tests which an explosive 
has to pass before being placed on the Permitted List are severe 

GO 
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(untamped shots being fired in an infiammable air-gas mixture) 
safety is by no means yet attained. In “ gassy ” or in dry and 
dusty mines none but Permitted explosives may be used; and 
their manner of use, the procedure in oases of misfires, the testing 
for gas within 20 yds, the neutralising of coal-dust within 5 yds, 
and so forth are carefully laid down in the Explosives Order of the 
Coal Mines Act. 

Permitted explosives Tiave been developed in an effort to keep 
down the flame temperature. There are several types, but the 
commonest consist essentially of ammonium nitrate, T.N.T., and 
sodium chloride; or of ammonium nitrate, woodmeal soaked in 
a nitrated mixture of glycerine and ethylene glycol, and sodium 
chloride. The woodmeal is used as an absorbent, and the sodium 
chloride helps to cool the flame by volatilisation. 

Among the more recent papers of the Board on the subject of 
explosives is one on Stemming Materials by Ritson and Stafford 
(Paper No. 84) in which it is shown that clay as commonly used is 
inefficient, that sand is highly efficient but of course difficult to 
insert into a horizontal shot hole, and that a 3 to 1 mixture of sand 
and clay with up to 5 per cent, of calcium chloride (to keep the 
material moist) makes a stemming material practically equal to 
sand alone. They also state that a reduction of as much as 33 per 
cent, in the cost of explosives has been indicated in their experiments 
by the use of this stemming, and that it helps in preventing blown- 
out shots and in reducing the quantity of fumes. 

In Paper No. 86 on Simultaneous Shot Firing, it is claimed that 
this procedure (hitherto prohibited in gassy or dusty mines, except 
in stone drifts) far from being dangerous results in increased safety, 
greater efficiency of blasting, economy of effort, and saving of time. 
The one disadvantage is the possibility of an undetected misfire. 
Battery exploders are recommended in preference to the magneto 
type, because (1) they are safe, as the circuit is non-inductive; (2) 
they give the full current on the instant the circuit is completed, 
whereas with magnetos the output depends upon the rate of revolu¬ 
tion. Low-tension detonators in series were employed in the ex¬ 
periments, and it was shown that grading of the bridge wire 
resistances closer than the commercial limits of 0-9 and 1-3 ohms, 
was uimecessary, simultaneous shot-firing (without misfires) being 
easily attainable when sufficient current was employed, lottery 
exploders are now being tested in which a galvanometer and testing 
circuit are incorporated, so that the shot-firer may be certain of the 
continuity of the detonator circuit before firing the shot. 
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Coal-Dust Explosions 

Mention has already been made of the fact that clouds of coal- 
dust in air are explosive. In addition, the fumes and CO produced 
often mean death to those who may have escaped the first effects. 
Research has been undertaken at Altofts, Eskmeals, Buxton and 
Sheffield with a view to investigating the causes and if possible the 
means of prevention. 

In the experiments in the large galleries—model roadways of a 
mine—ignition is generally effected by the firing of 20-24 oz. of 
gunpowder or blasting powder from a shot-hole stemmed with coal- 
dust. It is estimated that this source of ignition corresponds in 
intensity to that given by a firedamp explosion that has travelled 
60 ft.—10 per cent, methane being present in the explosive air-gas 
mixture. The gallery is strewn, not very heavily, with coal-dust, 
and the violence developed is enormous. 

Coal-dust is produced inevitably in the mining of coal, not only 
at the face, but also in transport {i.e. haulage and winding) and 
at the surface screens. The quantity may no doubt be reduced, 
but entire prevention is probably impossible. Moreover it has been 
shown at the U.S.A. Bureau of Mines station that as little as 0-032 oz. 
per cub. ft. will propagate an explosion ; and at the Li6vin station 
in France propagation has been obtained with even less. A dense 
cloud, however, is generally necessary to initiate the explosion. 
The practical upshot of the work, however, is to show the futility 
of simply “ cleaning up ” as a method of prevention. 

The theoretical quantity of coal-dust for complete combustion 
is 0-12 oz. per cub. it. of air. At Eskmeals it has been found that 
the most violent explosions are given with about 0-35 oz. per cub. 
ft.—i.e. with 3 times the theoretical quantity. The coal used 
yielded about ^ of volatiles (at 900° C.); and the question arises 
whether the volatiles are not the main factor. English bituminous 
coals yield as a rule between 30 and 40 per cent, of volatiles ; and 
in general dusts from these coals are more inflammable than dusts 
from coals with less volatiles, the inflammability being measured 
by the speed of flame or by the quantity of inert (stone) dust 
necessary to prevent explosion. 

It is unfortunately impossible to enter into the details of these 
researches in the space of this article. Suffice it to say that the 
staff of the Safety in Mines Research station have investigated the 
influence of (1) the composition and rank of the coal; (2) the 
fineness of the coal-dust; (3) spontaneous electrification in dust 
clouds; (4) the presence of small quantities of firedamp; (6) as 
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preventatives, stone dusts (their fineness, dispersability, composition 
and quantity required); and (6) the wetting of dusts and the use 
of wetting agento. 

The earlier work led to the (1920) Regulations with legal require¬ 
ments concerning watering or stone-dusting, and the routine testing 
of the dust on mine roadways. Such dust must not contain more 
than 60 per cent, of combustible matter, \mless 30 per cent, of water 
is present. With certain highly inflammable dusts this regulation 
is not quite stringent enough, according to later researches—see 
below. 

A. L. Grodbert in Paper No. 87 (1934) has described a modified 
form of his earlier apparatus for determining in the laboratory 
whether the mine dusts are inflammable, and how much inert dust 
is required to be added to attain safety. It is perhaps neeessaiy 
to remind the reader that the main conclusion reached from the 
Altofts and Eskmeals experiments was that coal-dust if mixed 
with an equal (or greater) proportion of stone-dust was not ignited 
by the firing of the 24 oz. of gunpowder. Stone-dust is thus an 
effective medium for preventing the initiation of a coal-dust ex¬ 
plosion. It is not so effective in preventing propagation. 

Godbert’s apparatus is compact, easily assembled and cheap. 
It should be installed at all colliery laboratories. Briefly, it consists 
of a lieated tube through which a cloud of the dust is blown by 
oxygen under slight pressure. One is able to observe whether 
inflammation occurs or not at the open end of the tube, “ the 
criterion of inflammability being the projection of a white flame 
outside the inflammation tube into the open air.” The results 
obtained compare with those given by the large scale tests in the 
4 ft. diameter gallery at Buxton within very narrow limits. Needless 
to say the dimensions and details of procedure, e.g. pressure of 
oxygen, are important. Only one gramme of the dust is required 
for the experiment. 

It may be mentioned in passing that Godbert finds that the 
“ inert dust limit ” can be calculated from the expression L = 

100-^ where L is the necessary percentage of stone-dust 

required to prevent inflammation and V is the percentage of volatiles 
(on a dry ash free basis) present in the coal. Thus with coal of 
30 per cent, of volatiles, there should be 58 per cent, of stone-dust, 
or rathw 68 per cent, of inert matter (t.e. including stone-dust, 
ash of the coal and moisture). It has also been shown that hydrated 
dusts such as gypsum (CaS04-2H,0) are far more effective than 
ordinary stone-dust—due no doubt to their higher capacity for beat. 
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Wetting of the dust is not easy, and evaporation makes the treat¬ 
ment unsatisfaotory unless it is continuous. Recently, however, it 
has been found that the addition of certain “ wetting agents ” 
(1 per cent.) to the water results in quite satisfactory moistening 
of the coal-dust (and stone-dust), and also gives a dried caked 
residue when the usual evaporation has taken place. An additional 
advantage of this procedure is that further deposits of dust on 
the residue can be “ fixed ” by simple watering; but the work 
is still largely in the experimental stage. 

Recent Wobk 

For some years the speed and movement of the flame of a 
methane-air explosion have been studied in detail by Wheeler and 
his co-workers in tubes of difleront diameters, closed or open at 
the ends, and some with one end closed and the other open (as 
in a mine gallery leading to a face of coal or rock). Paper No. 82 
by Ooward and Wheeler summarises this work, and shows how to 
estimate the influence of, ( 1 ) the composition of the gaseous mixture ; 
(2) the type and shape of the enclosure ; and (3) the position and 
nature of the igniting source, on the development of the explosion. 
The speed of flame in a firedamp explosion may vary from less 
than 1 metre per second to some 2,000 metres per second. The 
actual combustion of methane, however, has been difficult to in¬ 
vestigate. Slow oxidation is known to be largely a series of 
hydroxyiations; but spectrum analysis of the flame has shown 
the presence of such fugitive associations as C—C, C—H and 
0—H. 

The work of the research staff at Sheffield has also proved the 
incendivity of the mixture through which flame has passed. In 
the 1933 Annual Report of the Board it is noted that “ a mixture 
of methane and air through which flame has passed may ignite a 
fresh explosive mixture into which, under especially favourable 
conditions, it is projected. Various observations indicate that the 
gases have not completed their combustion during the passage of 
the flame. The continued radiation from the incendive gas is being 
measured by the photo-electric cell and is being analysed by optical 
filters, certain of the radiating molecules and radicles being identified 
by their spectra.” The spectrum of flame from the mixture CH 4 -f 
20 | -f 6 N 1 ” shows bands oharaotenstio of each of the associations 
C—C, C—H and 0—H,” and also evidence of the production and 
burning of carbon monoxide. The spectrum of the ” afterglow in 
the gas through which the flame has passed shows the bands of OH 
. . . but the bands C—H and C—G have disappeared. One otm- 
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elusion from this is that the afterglow is not due to the combustion 
of molecules of methane that had escaped oxidation in the flame 
front.” 

On investigating the radiation effects of the afterglow by measur¬ 
ing changes in the electrical conductivity, it appears that recom¬ 
bination of the ionised molecules is mainly responsible for the 
visible radiation, and “ if is proposed to study the electrical con¬ 
ductivity under conditions that will permit of a measurement of 
the number of ions in the flame. Prom these measurements, to¬ 
gether with the known flame-temperature it may be possible to 
calculate the ionisation potentials of the various intermediate pro¬ 
ducts or free radicles in the flame gases, and so to assist in their 
identification.” 

Researches are also in progress on the effects of “ inhibitors ” ; 
i.e. the effects of the presence of small quantities of particular 
vapours on the inflammability of firedamp. Numerous substances 
have been tried, but so far none more effective than bromine and 
iodine and certain of their compounds. These substances present 
only in traces raise the ignition temperature of methane by about 
100° C. 

An automatic firedamp recorder has recently been devised and is 
fully described in Paper No. 86, by H. Lloyd. It is essentially an 
automatic gas analysis apparatus in which the firedamp is estimated 
from the drop in volume after combustion by a glowing platinum 
wire. 


Conclusion 

The work reviewed has been essentially that concerned with 
the prevention of firedamp and coal-dust explosions—and this by no 
means exhaustively. Such investigations are of necessity ootmected 
with work on spontaneous combustion, electrical safety devices, 
mine-lighting and mining explosives. Researches are still being 
vigorously pushed forward in these subjects with a view to greater 
and greater safety. Active co-operation with similar work in 
foreign countries, notably the United States, France and Belgium, 
is also maintained, joint conferences held, and changes of staff 
arranged temporarily. 

The impression that explosions cause the majority of the deaths 
due to mine accidents is widespread but erroneous. In reality they 
cause as a rule less than 10 per cent., but with care this number 
should be reduced. Research is, however, now undertaken by the 
Board in such subjects as “ falls of ground,” haulage, mine ventil¬ 
ation, dust-inhalation, etc.; and it is to be hoped that the accidents 



THE PREVENTION OP MINE EXPLOSIONS 466 

due to “ falls of ground ” ajnd to haulage (which together form the 
major sources of all mine accidents) will diminish. 

Further, to make sure that the work is not lost sight of by 
the workmen and mine officials, programmes of lectures are arranged, 
an information service supplies educational material such as draw¬ 
ings, prints and lantern slides, and popular pamphlets are drawn 
up in non-technical language on “ What Every Mining Man Should 
Know.” Conferences of mining teachers are regularly held, and 
visits of mining students and mine officials to the research stations 
are organised throughout the summer months. About 3,000 of 
such visitors were received at the Buxton station last year. 

It is probable, however, that the educational programme will 
have to be extended and the instructional activities intensified, if 
the results of the scientific work already accomplished are to be 
fully utilised. Legislation alone cannot deal with the various safety 
problems that arise daily in the mines : a fuller understanding of 
the dangers, a more ” scientific ” appreciation of the situation, is 
necessary on the part of the officials especially, but also on the part 
of the workmen. 

The stimulation of interest in such problems is now the main 
problem. The cinema and the wireless have been used in this 
direction already, and will no doubt bo used more effectively as 
the technique of propaganda improves ! But what is really required 
in the long run is the full realisation that the need of a scientific 
outlook for the mining section of the community is probably greater 
than it is for any other; and the educational facilities in mining 
areas should be strengthened accordingly. 



THE INDIAN LAC INDUSTRY 

Bv T. HEDLEY BARRY, F I.C. 

Thb Indian la« industry has been the subjeot of much attention 
and not a little anxiety during the last few years. 

The industry is of peculiar interest from whatever point of 
view it is reganled whilst the fact that it is practically confined 
to India and that, so far, no satisfactory substitutes for lac have 
been found make it of especial interest to the British Empire. 

The forests of India cover an area of more than twice that of 
the British Isles and support, albeit in a very impoverished state, 
a population of some 400,000,000. The rapid and imcontrolled 
development of synthetic processes in the Western World and the 
obsession of the modem scientist with problems of the town and 
factory threatens to make the condition of this vast population 
and of ail peasants the world over still more unfortunate. 

In the case of India with its population of 400,000,000 the 
great majority of which is dependent upon the products of the soil, 
this aspect of the case is of vital importance. The Indian forestry 
and agricultural services have rendered great services to India 
and the Empire for which they have received very little recognition. 
The public and the politician can hardly be expected to appreciate 
these matters but there is urgent need that the scientist should 
take a wider view of his responsibilities and direct his energies to 
the more uniform development of the world’s resources. 

In the present article it is proposed to give a short summary 
of the work which has been carried out in India with the object 
of placing the lac industry on a scientific basis and thus enable it 
to compete on more level terms with the mass production methods 
of Western civilisation by supplying its products in forms more 
suitable for use and of the consistency and uniformity in quantity, 
price and quality which is essential to modem industry. 

From what has been said, it will be appreciated that the 
problem is not simple. Social and economic factors ore of domi¬ 
nating importance. Both the collection of the lac resin and its 
conversion to shellac and other forms required by the Western World 
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Are village indostries. No other country in the world is so rigidly 
bound by tradition as India and the people engaged in the lac 
industry are mostly poor and ignorant, judged even by Indian 
standards. 

It is clear that much more than an enthusiasm for scientific 
research is necessary to ensure success in dealing with the problem 
of lac production. 

It remains to mention briefly the complementary problem of 
ensuring a market for the product. 

Apart from the danger of replacement of lac products by syn¬ 
thetic substitutes, there is always the possibility of processes and 
nntethods involving the use of lac products being replaced by others 
from which they are eliminated. This question is now receiving 
attention and a system by which industrial lac research in the chief 
consuming countries of Europe and America is co-ordinated with 
the work of the lac research organisation in India has recently 
been inaugurated. 

It is clear that a subject of such wide ramifications cannot be 
dealt with even briefly in a single article. In the present article 
the work in India will bo discussed, but the significance and value 
of that work can only be estimated when the conditions under 
which it is done and the ideals which animate those responsible 
for it are appreciated. 

Although the lac insect and its products have been the subject 
of investigation by many distinguished scientists since the industry 
was first described by Jan Huyghan van Linsohoten in 1596, it is 
only comparatively recently that the lac resin has become the 
subject of almost exclusive interest. 

In addition to the resin, the lac insect produces a dye which 
until the development of synthetic dyestuffs was the more impor¬ 
tant product, though the value of the resin in the varnish industry 
was appreciated. 

It was fortunate that the development of the moulding industry, 
and particularly the gramophone, created a market for the resin 
which more than compensated for the loss of the dye trade. Until 
the recent economic depression the gramophone industry absorbed 
nearly half the total lac production and the threatened permanent 
loss of this market is one of the primary causes of the urgency 
of finding new uses for the resin. 

The publication of Lindsay’s and Harlow’s olassioal survey of 
the whole industry in 1921 {Ind. Fortst Record, 1921, 8, Pt. I) 
may be said to at once summarise the work of the era of individual 
researdi and lay the foundation for a new era of co-operative 
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and oi^anised research which is the subject of the present 
article. 

At this point it is desirable to describe briefly the conversion 
of sticklac into suitable forms for industrial application. 

Stick lac is the raw material produced by the insect in the 
form of an encrustation on the branches of the tree upon which 
it feeds. It contains, in addition to the twigs, the dead bodies 
of the insects and its various products other than lac, principally 
the lac dye, sugars and proteins. 

The twigs with their encrustation of lac are sometimes sold 
by the smallholder as stick lac but in most cases the encrustation 
is removed from the twigs and reaches the market as scraped stick 
lac. In any case, a further purification is necessary to remove the 
dust and finer vegetable debris. This is done by grinding and 
winnowing. The lac is then treated with water to remove soluble 
impurities and the bulk of the dye. 

The dried product, seed lac, is then converted into either shellac 
or button lac. In many oases varying amounts of rosin and orpi- 
ment are added to produce the required product. In either case 
the mixture is fed into a long cylindrical bag about 2 inches 
diameter and 20 feet long. This travels in front of a fire, one end 
being continuously twisted to force the contents towards the 
operator seated at the other side of the hearth. Under the influence 
of heat and pressure the lac melts, oozes through the cloth and 
is scraped oflP. 

If button lac is being made, the plastic mass is allowed to fall 
on a metal (usually zinc) surface and flows out into cakes about 
4 inches diameter and J inch thick. 

In the case of shellac the plastic mass is spread on the outside 
of a bottle containing hot water and the sheet so obtained fifrally 
stretched in front of the fire. When cool it is broken up into the 
familiar flakes known as shellac. 

This interesting process is conducted by natives according to 
tradition and the question at once arises as to how far it is amen¬ 
able to such scientific control and modification as to be made 
suitable for large scale operation in factories organised according 
to Western ideas of efficiency. 

The possibility of eliminating all native processes subsequent 
to the production of seed lac has natmnlly been considered for, 
although the heat treatment and manipulation involved in the 
conversion of seed lac to shellac probably affects the physical 
properties of the lac, it would seem quite possible for this to be 
effected in the consumer’s country with the advantage that the 
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process would be scientifically adjusted to produce the type of lac 
required for speoifio purposes. 

Although considerable advance has been made, particularly in 
Germany, in the mechanical treatment of seed lac it does not at 
the moment seem desirable to push development in that direction 
too rapidly. A sudden change in this direction would severely 
disorganise the industry and deprive thousands of Indians of an 
important source of livelihood. At the same time, this would be 
better than the whole industry being lost through inability to 
produce the required product and withstand the competition of 
synthetic materials. Consequently, careful study of the properties 
of lac with special reference to the effect of the processes to which 
it is subjected is essential. 

It may be pointed out, however, that the development of 
mechanical methods of making shellac provides a market for the 
waste product, kiri, which is left in the native shellac maker’s 
bag and contains about 60 per cent, of lac. This can be extracted 
by solvents and used in the mechanical process. Lac made from 
kiri suffers from the disadvantage that it cannot be bleached 
satisfactorily though improvements in this respect are being made, 
particularly in Germany. It is, however, quite satisfactory for 
many purposes. 

Rkseakch Concerning the Production of Lac 

Turning to the production of lac it is necessary in the first place 
to describe briefly the Ufe history of the insect and the processes 
by which its resinous excretions are converted into marketable 
products. 

Of the total output of lac, over 97 per cent, comes from India, 
the remainder from the adjacent Eastern countries Assam, Burma, 
Siam and Indo-China. Much of the lac produced in these latter 
countries is sent to India to be worked up. Of the Indian produce 
about 90 per cent, comes fitom the Central Provinces and Bihar 
and Orissa. 

The individual trees on which the insect feeds, however, are 
generally speaking not gregarious, some being in jungle country 
whilst the majority grow in groups of a few trees scattered over 
the holdings of the natives. This in itself constitutes a serious 
problem in the organisation of the industry, for the 26,000 tons 
exported is made up of the contributions of thousands of small¬ 
holders each of whom seldom produces more than a few pounds 
of stick lac. 

Organisation and education are therefore extremely difficult. 
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Ab the lac crop cannot of itadf provide a livelihood for the owner 
of the trees there is a natural tendency to strip the trees in years 
when other crops are bad and to neglect them when other crops 
are good and this has a serious effect upon both the quality and 
the quantity of the product. 

One of the first steps in fostering the industry is therefore to 
investigate carefully tfie various trees which act as suitable hosts 
for the insect and to encourage the cultivation of those which are 
most adaptable to systematic planting and exploitation. 

About 90 different trees have been described as providing 
breeding accommodation for the lac insect but in practice only 
about seven are used to any great extent. These are: Bviea 
frondoaa Roxb. (Palas or Dhak), ScMeichera trijuga Willd. (Kusum), 
Zizyphus Jvjvba Lam. (Ber), Zizyphu* Xyhpyrua Willd. (Ghent), 
Ficua religioaa Linn. (Pipal), Acacia arabica Willd. (Babul), Cajanua 
indicua Spreng. (Arhar). 

Some other trees, however, appear from the experiments carried 
out at the Research Station [1] to offer considerable advantages. 
The Khair tree (Acacia Catechu Willd.) for example appears to 
be particularly suitable as it can be grown almost anywhere and 
can be used in conjunction with the Kusum tree which, though 
it yields the best lac crop, requires two years’ rest interval be¬ 
tween each crop in order to maintain its healthy condition. 

Transferring the brood lac from the Kusum tree to the Khair 
tree has been shown actually to improve the vitality and fertility 
of the insect and the Khair brood can be transferred back to Kusum 
again. 

Apart from this, the tree is of extremely rapid growth and if 
properly tended can safely be infected at the age of two years. 
The necessity for giving the host trees an adeqiwte period of rest 
and so arranging the sequence that there is always available new 
host trees with young shoots in a fit condition to receive the brood 
lac, presents a complex problem and affords much scope for in¬ 
genuity in organising plantations so that the balance between the 
number of trees in the various conditions—bearing, resting and 
preparing to receive the new brood—^is correctly maintained. 

Evidently, the seasonal activities of the tree must be comple¬ 
mentary to those of the insect it has to support and therefore it 
is desirable that as many different species of trees as possible 
should be available and the characteristics of each and their relation 
to the life cycle of the insect should be known in the greatest 
detail. 

Such work is necessarily a matter of years and it is, in fact. 
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surpoising that bo much accurate and definite knowledge should 
have been accumulated in a few years by a small staff. 

It should be pointed out that there appears to be no connection 
between the botanical affinity of a tree and its capacity to act as 
a lac host nor has it been possible so far to formulate any chemical 
or biological test, short of actual trial, which will indicate with 
certainty that a particular species of tree will prove a satisfactory 
host. A minimum amount of suitable food for the insect must, of 
course, be available, but it does not necessarily follow that the 
insect will prove able to use it to full advantage. 

As to the insect, although both male and female insects encase 
themselves in a coating of resin the amount produced by the female 
insect is much larger than that produced by the male, which having 
fertilised the female dies. The female insect, however, continues 
to excrete resin at a greatly increased rate after fertilisation, the 
total amount being about 300 milligrammes per insect. It is 
desirable, therefore, to maintain the ratio of females to males as 
high as is consistent with efficient fertilisation. In this coimection, 
recent research has resulted in some extremely interesting discoveries 
concerning the possibility of parthenogenesis. It appears that 
under suitable conditions the female insect is capable of producing 
a new brood of insects without fertilisation and consequently the 
importance of the male insect is still further reduced [2]. 

About 2-4 months after fertilisation the new brood emerges 
and the larvee proceed to take up their positions on suitable 
branches to which they attach themselves by sticking their long 
probosces into the bark. Having found a suitable anchorage they 
remain stationary—the female until its death after the emergence 
of the next brood, the male until it reaches maturity and emerges 
to fertilise the female. 

This cycle occurs twice a year. There are, however, two distinct 
series. Insects bred on hosts other than the Kusum tree {8. trijtiga) 
have two unequal cycles a year, one of three months and one of 
nine memths, whilst insects bred on Kusum have two approximately 
equal cycles a year. 

The lac cultivator has therefore four crops a year, two from 
insects Ined on Kusum trees and two from those bred on other 
species. 

A rather curious £»ot is that insects bred on Kusum trees retain 
the Kusum cycle even when transferred to other species of trees 
for the next crop [3]. 

In South India loo insects bred on a tree, Shorea TcHura, go 
through three life cycles in thirteen months, but when brood lac 
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from this source is transferred to North India the subsequent brood 
assumes the oharaoteristio periodicity of the locally produced lacs [4]. 

The exact period occupied by each stage of the life cycle is in 
any case influenced to some extent by the condition of the host 
tree, the health of the brood and the climatic conditions. 

The systematic production of lac therefore demands close atten¬ 
tion from the cultivator and offers immense scope for research both 
as regards the care of the trees and the methods of dealing with 
the insect. 

As regards the tree, the power of the insect to penetrate the 
bark and thus obtain nourishment is limited, and it is therefore 
important that the tree to which the lac insect is transferred should 
be pruned in such a way that at the critical moment of the emergence 
of the swarm of larvse from the mother cell there should be close 
at hand a plentiful supply of young twigs and branches capable 
of affording them suitable habitation. 

The radius of action of the new brood is only a matter of yards 
and unless it finds a suitable breeding ground within twenty-four 
hoTirs the insects die. 

During this transition stage, of course, the insect is at the 
mercy of jvind and weather and it is therefore essential to reduce 
the time to a minimum. 

The method of infecting the trees destined to support the new 
brood consists essentially in taking portions of the branches en¬ 
crusted with healthy lac from the old tree just before the emergence 
of the new brood and tying them to the branches of the new tree 
in such a way that the insects can easUy reach their new feeding 
ground. 

The selection of the moment at which infection of the trees 
should be effected to produce the best results is obviously a matter 
of much importance and though by experience the native cultivator 
manages very well, the irregularity of the insects’ life cycle due 
to various disturbing factors, particularly climate, creates a con¬ 
siderable degree of uncertainty which can only be eliminated by 
an accurate scientific knowledge of the sequence of events occurring 
within the cell which completely covers the insect. 

Entomological research is therefore of fundamental importance. 

In the case of the smallholder with a few trees, the infection 
of the new hosts can be carried out at very short notice as the 
emergence of the brood occupies a few days, but with large planta¬ 
tions this cannot be done. The systematic development of the 
industry would be greatly facilitated by the development of larger 
areas under uniform control, but the native system of litpd tenure. 
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which it is rightly the policy of the British Government to respect 
as fax as possible, makes this, at least for the present, almost im¬ 
possible and the policy of the Research Association must be to 
accept the position and make the best of it. At the present time 
large holders do not account for more than about 6 per cent, of 
the production of stick lac. 

The Lac Research Institute’s first duty was naturally to obtain 
precise knowledge of the details of the insect’s life i^tory and 
this has already proved of the greatest value in educating the 
native cultivator in the best way to conduct his operations. 

The date of swarming may vary as much as a month from one 
year to the next. As the lac to be used as brood lac for the next 
crop must be cut soon enough to ensure that there is no loss of 
the new brood and, on the other hand, must not be cut too soon 
lest the mother insect be weakened through lack of nourishment 
at the critical period, the decision when to out brood lac and infect 
the new host is a vital one. 

As a result of observations over a long period, it has been 
possible to prepare a time-table correlating the characteristic and 
visible alterations in the appearance of the insect and the time 
at which the brood will emerge. Anned with this knowledge the 
cultivator can make his plans accordingly. Normally, he outs his 
brood lac and infects his tree two or three days before swarming 
is due. Accurate foreknowledge of the date of swarming and 
ability to recognise healthy brood lac has an extremely important 
bearing upon the stability of the industry and consistency of crops 
as it enables the cultivator to cut brood lac and send it to con¬ 
siderable distances. Thus areas in which the crop is good can help 
those in which local conditions have caused disaster. 

It has also been shown that the healthy female insect is capable 
of arresting temporarily the emergence of the new brood when 
climatic conditions are unfavourable to their survival, consequently 
quite apart fix>m the improvement directly due to the health of 
the insect the danger of the young brood being destroyed by sudden 
and unexpected temporary changes in the weather is reduced by 
ensuring that it is produced under the most favourable conditions. 

There are, of course, mamy other directions in which biological 
research has greatly improved the prospects of the lac industry, 
so far as the production of the raw material (stick lac) is concerned. 
Questions of systematic plantation and cultivation of suitable host 
trees and the destruction of insect pests are of great importance 
and valuable information has been accumulated both at the Research 
Station and in various lac areas. 
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The educational side of the Research Station’s work is, as will 
be appreciated, of first importance and the translation of scientific 
discovery into simple working directions and advice such as the 
poorly educated native can understand put into practice is an 
important function of the Indian Lao Cess Committee. 

In the foregoing paragraphs attention has been directed mainly 
to the problems which arise in the attempts to reduce the production 
of the raw material, stick lac, to an orderly and scientifically con¬ 
trolled process and to eliminate so far as possible those violent 
fluctuations in both quality and quantity which constitute a 
serious, if not fatal, defect in any raw material that is to be used 
as an ingredient of scientifically produced and graded finished 
products. 

The discussion of the subject beyond the production of stick 
lac is outside the scope of the present article but it is clear that 
whether or not the conversion of stick lac into other forms such as 
seed lac, shellac and button lac remains a native industry will 
depend entirely upon the ability of those responsible for the organi¬ 
sation of the industry to supply a suitable article at an economic 
price. 

Apart from the factory in India, Germany in particular is suc- 
cessfiilly converting stick lac into shellac and other forms by 
mechanical processes. These modernised methods have the advan¬ 
tage that they can utilise the material, “ kiri," which is left in the 
bag after the extrusion of the lac by the native process. The 
lac produced from this, however, is at present of inferior quality in 
some respects and seed lac is largely used as a raw material. In 
the production of bleached lac, particularly in America, seed lac 
is being used to an increasing extent and the exports of seed lac 
show a consistent increase almost wholly at the expense of shellac. 
Probably these developments are due in part to the abnormal 
economic conditions obtaining, but it is clear that these develop¬ 
ments must react unfavourably upon India unless this section of 
the lac industry can be organised and equipped to meet them. 

There appears to be no unsurmountable technical difficulty in 
converting seed lac, or even stick lac, into the desired form in the 
consuming country if necessary. 

It has, however, already been pointed out that the organisation 
of the lac industry involves many questions more subtle than 
mere technology and, even with regard to technology, our knowledge 
of the properties and possibilities of a pure lac is still by no means 
ccHnplete. At the present time, therefore, organisation of the 
industry as it exists at present combined with scientific and technical 
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reseiurch into the properties and possibilities of lac is the urgent 
and immediate question. 

The ultimate form and scope of the industry in India must 
obviously be decided in the light of such research. In any case, 
the survival of the lac industry in any form at all must ultimately 
depend upon the ability of those responsible for its organisation 
to provide the consumer with a suitable product in such a form 
and at such a price that it can compete successfully with synthetic 
products which are already being placed on the market in such 
variety and at such a price as to constitute a distinct menace to 
the very existence of the lac industry. 
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NEW IDEAS IN MODERN PHYSICS 

By L. F. bates, Ph.D.. D.Sc., F.Inst.P. 

Vn%r^rt%ty CotUgt^ London 

Ik recent months the discoveries of the neutron and positron have 
had a profound effect on the theories of atomic disintegration, and 
in a series of three advanced lectures at University College, delivered 
at the invitation of the University of London, Dr. G. Gamow 
formulated in a very interesting manner the new ideas which are at 
present occupying the minds of theoretical physicists. In this 
article an attempt will be made to give an outline of these ideas as 
they were unfolded in these lectures, and at the recent International 
Conference on Physics. 

It is known that difficulties arose when the nucleus of an atom 
was pictured as an assemblage of protons and electrons. The main 
difficulty was that while the protons, because of their heavy mass, 
would obey the SchrOdinger equation, the electrons, because of their 
small mass and very high velocity, would not; yet the electrons did 
not seem to affect the behaviour of the protons in any way. With 
the discovery of the neutron the nucleus has come to be regarded as 
an assemblage of neutrons and protons and the difficulty vanished, 
for both neutrons and protons obey the wave equation. It is now 
necessary, however, to x> 08 tulate that a neutron may become a proton 
by losing an electron, and a proton become a neutron by losing a 
positron, in other words, to consider the neutron and proton as the 
same heavy particle in two different quantum states. 

These new ideas bring about many changes in the discussion of 
nuclear problems. Thus, if the mass defects or binding energies of 
the atomic nuclei are calculated on the basis of the older views, the 
mass defects continuously increase up to the element tin, after which 
they decrease, but in a rather peculiar manner resembling a series of 
steps, until we reach the radioactive elements which finally provide 
a continuous decrease. When the mass defects are calculated on 
the basis of the newer constitution of the nucleus a continuous 
increase of the mass defect right up to the group of radioactive 
elements is obtained, after which a decrease takes place. On the 
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older views we are called upon to explain why every element of 
atomic number higher than that of tin is not radioactive ; on the 
newer we have to explain the spontaneous disintegration of the 
radioactive elements alone. 

In dealing with the question as to whether the neutron and proton 
are elementary particles, Oamow suggests that the question has no 
physical significance. A neutron and proton pair may be regarded 
as one in which the neutron continually changes to a proton by the 
emission of a negative electron, and the proton continually changes 
to a neutron by the emission of a positive electron. The forces 
between such a pair may be likened to the exchange forces between 
a hydrogen ion and a hydrogen atom, so successfully handled by 
Heitler and London. The force between two neutrons may be 
likened to the much weaker homopolar forces which may exist 
between two non-ionised atoms. Now, assuming such forces, 
Heisenberg has calculated the mass defect or binding energy of a 
nucleus consisting of neutrons and protons, from which the new 
potential energy curve of the nucleus is obtained. This curve is such 
that no element may break down spontaneously with the emission of 
a neutron, that emission of a proton may occur only if the atomic 
number is greater than about 160, and that an a-ray disintegration 
may occur if the atomic number is about 100. Applying the theory 
of quantum levels to the potential energy curve it is easy to see how 
an «-ray may leave an atom while a proton may not. Incidentally 
the new ideas are found satisfactorily to explain the emission of 
a-rays of short range by samarium. 

Some interesting points are brought out in a description of the 
results obtained by plotting the radius of the nucleus against its 
mass. The radii of the light elements are deduced from measure¬ 
ments on the anomalous scattering of a-rays, and those of samarium 
and of elements of the well-known radioactive series are obtained 
from data on a-ray levels. It is not possible to draw a smooth curve 
through all the points, and the values for the radioactive elements 
show marked anomalies. Less definite anomalies are found in the 
curve of mass defect against atomic weight, and in the curve obtained 
when the ratio of the number of neutrons to the number of protons 
is plotted against the sum of the neutrons and protons in the nucleus. 
Yet the vafues of atomic reidii obtained firom neutron-scattering 
experiments are stated to show no such anomalies. Gamow explains 
this by suggesting that the a-partides in a nucleus, having an even 
number charge, 2, would not obey the Pauli exclusion principle and 
could therefore all occupy the same energy level. The neutrons, how¬ 
ever, have to obey this principle and have to occupy a definite set of 
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levels, and may even form a system of closed shells. Hence a neutron 
fired against a nucleus would interact only with the a-particles, 
but an oi-partiole so fired would interact with both a-particles and 
neutrons, so that a-ray measurements may be taken to refer to the 
neutron shells and neutron measurements to the a-particle core. 

The new ideas can be applied to the problem of ^-ray disintegra¬ 
tion. In order to determine* the condition for the release of a 
/9-particle the following picture is used. 

© — p- + ^-►/> 

It is imagined that a neutron is removed from the nucleus A and 
subsequently breaks up with the formation of a proton and an 
electron. The latter is set free as a /9-particie and it is imagined 
that the proton is returned to A. The condition for this release may 
therefore be written SEJdnt -f- D — 9E/9», < 0, where 9E/9»i 
represents the work necessary to remove a neutron from A, D the 
work to disintegrate the neutron and 9E/97t, the work to remove a 
proton from A. The condition for release of a positron may be 
obtained in a similar manner; a proton is removed from A, and 
forms a neutron and a positron, the latter leaves and the neutron 
is returned to A. 

It is, however, doubtful whether energy is conserved in cases of 
/}-ray and positron emissions, for it is very difficult to maintain the 
principle of conservation and explain the emission of a continuous 
^•ray spectrum by /9-radiating nuclei; this spectrum appears to 
have a definite upper energy limit. It may be thought that all 
/}-rayB sure initially Uberated with the same energy, but that they 
suffer internal conversion or anomalous scattering in the nucleus 
and are so transformed into heat. To test this point Ellis attempted 
to mesusure the total energy set free by RaC by a suitable calor¬ 
imeter method, and thus to calculate the energy liberated per ^-ray 
emitted. If energy were conserved then the value obtained should 
correspond to the upper limit of the /9-ray spectrum. £!llis actually 
found a value equal to the mean value given by measurements on 
the continuous ^-ray spectrum. The discrepancy cannot be ex¬ 
plained by y-ray emission or by /9-ray transmissions between two 
nuclei. To explain it Pauli has put forward the rather revolutionary 
idea that the nucleus contains particles of small mass with no charge 
and of high penetrating power. Such a particle is called a neutrino; 
it is very elusive, for Chadwick has shown that if a neutrino existe 
then it does not form more than one pair of ions in a track of 150 
kUometres in air. 
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Further light is thrown on these problems when the relation 
between the energies of the p-r&y emissions and the decay constants 
of the parent substances is considered ; t.e. when evidence of a kind 
of Geiger-Nuttall relation is sought for /^-rays. It is known that by 
plotting the logarithm of the decay constant against the logarithm 
of the corresponding maximum fi-r&y energy, two straight lines, one 
above the other, are obtained. Now, Fermi assumes that the 
nucleus contains protons and neutrons, and that it is possible for 
a neutron to change into a proton with the emission of an electron 
and neutrino, the latter being assumed to be created at the moment 
of emission. He calculates the decay constant as a function of the 
/S-ray energy, assuming a certain type of interaction between the 
particles in the nucleus, and he shows that the probability of emis¬ 
sion is greatly decreased if the initial and resultant nuclei have not 
the same spin. He explains the upper graph by assuming that 
transitions with no change of spin are responsible for the points 
thereon, and the lower by assuming a difference of one unit between 
the spins. Points on still lower graphs are to be expected when the 
difference in spins is more than one unit, considerations which 
Gamow has used with satisfactory results in attempting to account 
for the successive disintegrations in the thorium series, assigning 
spins which are consistent with y-ray data. 

In like manner Ellis has applied these considerations to the transi¬ 
tion RaB to RaC. He concludes that the measured jff-ray distri¬ 
bution is in general a superposition of several partial spectra, all of 
the same shape for a given difference in initial and final spins, and 
has shown that the RaC to C' fi-Toy spectrum may be built up of 
partial RaE to F /J-ray spectra with intensities corresponding to the 
probabilities of emission. This success is obtained because the 
RaC to C' components arise from spin transitions like those of the 
simple RaE to F spectrum. Unfortunately, more extensive treat¬ 
ment is hampered by lack of exact experimental data for the lower 
energy portions of the spectra, which is hard to obtain. Incidentally, 
there seems to be some disagreement between Fermi’s theory and 
the observed positron emission of the artihcial radioactive elements ; 
e.g. Ellis and Henderson find that in the positron spectrum from 
radiophosphorus—artificially produced as described in the last issue 
of SoiBNOK PnooEBSS, by exposing aluminium to a-rays from 
polonium—few, if any, positrons have an energy less than 200,000 
electron volts, whereas the theory predicts a smooth fall to zero 
energies with an exponential drop only below 10,000. This dis¬ 
crepancy may possibly be caused by the particular form of inter¬ 
action in the nucleus which Fermi assumes. 
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PURE MATHEMATICS. By E. Maitland Wriqht, M.A.. D.Phil., 
Christ Church, Oxford. 

The Class-number in Imaginary Quadratic Fields and for 
Binary Quadratic Forms of Negative Discriminant. —The 
discriminant of a binary quadratic form ax* -|- bxy -f cy* [a, b, c 
being integers and (a, 6, c) = 1] is the number d = b* — ac. The 
two forms 

Q{x,y) =ax* +bxy + cy*, Q'(x,y) = a'x* + b'xy + c'y* 

are said to be equivalent if there is a substitution x = rX -f- sY, 
y —tX -\-uY, where r, s, t, u are integers and ru — at — 0, which 
transforms Q{x,y) into Q\X,Y). If this is so, the discriminants of 
Q{x,y) and Q'{x,y) are equal. If Q, Q', Q” are three forms of dis¬ 
criminant d, and if Q is equivalent to Q' and Q' to Q”, then Q is equi¬ 
valent to Q”. Hence all forms of the same discriminant d may be 
divided into classes such that (i) all forms in the same class are 
equivalent and (ii) no two forms belonging to different classes are 
equivalent. The number of classes of forms of discriminant d are 
known to be finite ; this number is denoted by h{d) and called the 
class-number. 

If d •< 0 and o > 0, then Q(x,y) is a positive definite form, 
that is, for all real values of x and y (except the simultaneous values 
a; = y = 0), we have Q(x,y) >-0. If d <^ — 4, the class-number is 
equal to the number of classes of ideals in the quadratic field 
P(V'd). If h(d) — 1, then there is only the principal class in 
P{Vd) and the Fundamental Theorem of Arithmetic holds in this 
field. 

Gauss conjectured (1801) that h{d) —► oo as d —► — oo through 
even values. The restriction to even values of d is due to the 
fact that Gauss only considered forms with an even b. Hans 
Heilbronn (Quart. J. of Math., 5 (1934), 150-60) has recently 
proved Gauss’s conjecture in the slightly more general form: 
(1) h(d) —► c» as d —*• oo. Important steps had been made before 
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Heilbronn towards proving the conjecture. Thus Hecke (1918) 
proved : (2) If 

L{e,x) = r 0 

n i 

for It{a) ^ I and for all real characters different from the principal 
character, then (1) holds. Deuring (1933) proved : (3) If Riemann’s 
function C(«) has at least one zero in the half-plane R{s) then 
Urn h(d) 2. Recently Mordell has proved : (4) If Riemann's 

d *"00 

function C{s) has at least one zero in the half-plane R(s) then (1) is 
true. Heilbronn proves : (5) If there is, to modulus m, at least one 
character Xy principal or not, so that L(s,x) = 0 for at least one value 
of s in the half-plane R(s)^ then (1) is true. Now either the 
assumption of (2) or that of (5) is true, and so (1) is proved. 

Thb Number of Real Roots of a Quintic Equation.— 
Chaundy {Quart. J. of Math., 5 (1934), 10-22 and 240) has recently 
found the conditions for a quintic to have one, three or five real 
roots, in a simple form. He considers the quintic in the “ standard 
form ” 

+ 104,/» 4- I0i4,<» -f- r>yt -\-x = 0 . . . (6) 

and regards this as a straight line in the xy-plane. The equation 
of the envelope of the line may be written in parameter form 

X = 4<» -I 20^,<» -f 10^,<»,1 

y - t* - QAjt* - • • • • 

The number of real roots of the equation (6) is equal to the number 
of real tangents which may be drawn to the curve (7) through the 
point {x,y). The a^-piane may be divided into regions from the 
points of which one, three or five real tangents may be drawn. If 
A is the discriminant of (1) and if 

e =x* + leA^y* - IdAtA^ - ( 272 . 4 ,* - 108 . 4 ,*) 

+ 244,»(40.4,* + 27.4.*), 

then the results are: 

I. Five real roots: J 0, 4.4,* .4,* < 0, 0^0; 

4=0, 44,* + 4,» = 0, 0 = 0. 

II. Three real roots : 4 < 0 ; 

4=0, 44,» + 4,* > 0 ; 

4=0, 44,* + 4.* = 0, 6 7^0-, 

4=0, 44,» + 4,» < 0, 0 > 0. 

III. One real root: 4 > 0, 44,* + 4,* ^ 0 ; 

4 > 0, 44,* + 4,* < 0, 0 > 0 ; 

4=0, 44,» + 4,*>0, 0 = 0. 
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A Machine foe oombinino sets of Linear Oonobvsnoes.— 
Many problems in the theory of numbers depend for their solution 
on finding an integer x which is congruent to one of certain residues 
to modulus p for a sequence of primes p^. D. H. Lehmer {Math. 
Annalen, 109 (1934), 661-7) has constructed a machine to solve 
this problem practically; the theoretical solution, of course, does 
not present any difficulty. The principle of the machine is that to 
every p< corresponds a wheel with p< holes equally spaced round the 
circumference and that each wheel moves forward one hole at a 
time. Each hole represents one residue (mod. p^) and pegs are 
inserted to close the holes corresponding to residues (mod. P() 
which do not satisfy the particular problem considered. The 
machine is then set working and requires no further attention. 

When a number is reached which satisfies all the congruences a 

series of open holes is in line ; a beam of light passes through and 
falls on a photo-electric cell. This stops the machine and the 
operator can reverse it slowly until he finds the ex6ict solution by eye. 

Normal Numbers. —Let 5 2 be a fixed whole number. 

Then every whole number can be expressed in exactly one way 
in the form 

m — -f- 5'*“* a^B -f- Og, . . (8) 

where the Oj are whole numbers, 0 ^ J5 — 1 [i <^p) and 

1 ^ — 1. We take e>0, 0 ^ a ^ B — I, and write 

s{m,a) for the number of times that a appears in the expression of 
m in the form (8). If 



for all the values 0,1, . . . B — I of a, then f» is said to be c-normal. 
Besicovitch {Math. Zeitschnfi, 39 (1934), 146-66) has proved the 
two following theorems : 1. “ If e > 0, »? > 0, then for sufficiently 
large n at least (1 — r/)n of the integers less than n are c-normal.” 
2. “ If c > 0, > 0, then for sufficiently large n at least (1 — rifn 

of the numbers less than n have their squares e-normal.*’ 

ASTRONOMY. By R. W. Wmoiasy, M.A., F.R.S.B., Royal Observa¬ 
tory, Edinburgh. 

The Brightness of Comets. —^The study of the brightness of 
comets, possibly as important a feature as their orbits and general 
appearances, was first undertaken by Dr. Holetschek. His work 
has lately been continued by S. Vsessviatsky, who, in the HuMian 
Astronomical Jowrud, 10, No. 3, publishes a General Catalogue 
of Absolute Magmtudes of Comets, comprising 442 appearances 
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dating from Halley’s Comet in 1066 to that of Brooks at the end 
of 1932. The absolute magnitude of a comet is defined as its 
general brightness expressed in stellar magnitudes assuming it to 
be placed at unit distance from both the earth and the sim. If 
there is no phase effect the apparent brightness obviously varies 
as the inverse square of the comet’s distance from the earth, and 
it is assumed that it is also proportional to a certain power of its 
distance from the son. Accordingly the absolute magnitude may 
be assumed to vary according to the law (m — y log r) — 6 log J, 
where r and A are the heliocentric and geocentric distances, m 
the apparent magnitude, and y a constant. The latter can be 
determined for any comet if a sufficient number of observations 
of its brightness are available together with the corresponding 
values of its heliocentric distance. This has been done for several 
scores of comets, and the average value for y is found to be very 
close to 10, implying that the change of intrinsic brightness of any 
comet in its motion round the sun is inversely proportional to the 
fourth power of the radius vector. The absolute magnitude of a 
comet can therefore be immediately determined if its apparent 
brightness has been observed and its orbit calculated. 

This law of the inverse fourth power would be uniformly true 
if the physical energy of the sun was always constant, and its 
action on a comet varied, like its illumination, according to the 
inverse square law. The solar influence, however, shows distinct 
changes of intensity, and it is interesting to note that the years 
1905-7, which include a time of sunspot maximum, according to 
Vsessviatsky show exceptionally large values of y. On the other 
hand, the sunspot maximum of 1917 does not show the same effect, 
and the years 1913-17 furnish three cases of anomalous negative 
values. 

The gradual decrease in brightness of short period comets seems 
to be definitely established. Enoke’s comet is stated to be growing 
fainter at the rate of one magnitude per century, others are dis¬ 
integrating still more rapidly, and there is not a single example 
known of the reverse phenomenon. A similar process is also 
indicated in several comets of much longer period, including the 
famous one of Halley, whose magnitude is given as 2 to 3 in 1066 
and only 4-6 in 1910. 

The catalogue gives for each oometary appearance the value of 
y and the corresponding absolute magnitude if available, the 
magnitude assuming y « 10, the logarithm of the perihelion dis¬ 
tance, the period, and the angle of inclination of the orbit to the 
ecliptic. Undoubtedly the most remarkable comet in the list is 
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that of Sarabat, which appeared in 1729. Its absolute magnitude 
is given as — 3 and its perihelion distance as four units, so it was 
evidently a unique object. The next in order is Tycho Brahe’s 
comet of 1577 with a magnitude of — 1-8 and a perihelion distance 
of one-sixth of a imit, and the great comet of 1811 ranks third with 
absolute magnitude 0-0. Donati’s famous comet of 1868 is given 
a magnitude of 1-0, while in the present century the brightest is 
comet Delavan (1914, V), with magnitude 11. The faintest 
comet in the catalogue is Temple-Swift, 1908, with absolute magni¬ 
tude only 15 1 and perihelion distance one unit. 

The difficulty in representing cometary brightness by any 
mathematical expression and the danger in drawing general con¬ 
clusions as to the history and future disintegration of comets from 
such data as arc available are, however, illustrated by the striking 
variations observed in the brightness of the periodic comet 1926 II, 
described by G. Van Biesbroeck in the Aatrophyaicai Journal, 
79, 6. This comet, which bears the name of Schwassmann- 
Wachmann, was discovered in 1927, and in many ways is decidedly 
exceptional. Its period is 16 years, its inclination only 9-6°, and 
its eccentricity only 0 135, so that its orbit is distinctly planetary, 
more circular than that of Mercury, and situated entirely between 
the orbits of Jupiter and Saturn. It has been continually under 
observation since its discovery, and, as it passed its aphelion in 
July 1933, it provides the only instance of a comet which can be 
observed all round its orbit. From the comparatively little change 
which takes place in its heliocentric distance, which always remains 
large, one would naturally expect the comet to be inert and in¬ 
active, closely resembling an asteroid, but actually the exact 
reverse is the case. Ever since its discovery it has been subject 
to mysterious and sudden outbursts of light, accompanied by great 
changes in its structure and appearance. For example, on Febru¬ 
ary 10, 1931, it suddenly brightened to magnitude 13 after remain¬ 
ing fainter than magnitude 16 for over three months; early in 
January 1933 its light suddenly increased from magnitude 17 to 
magnitude 12, by February 18 it was of magnitude 16, on March 16 
it was of magnitude 16, and on April 22 it had become a bright 
circular nebulous object of magnitude 12. A further spectacular 
change in brightness, illustrated by two plates, was observed by 
Professor van Biesbroeck between March 10 and 14, 1934. On the 
earlier plate the comet, then barely of magnitude 18, shows a tiny 
nucleus surrounded by a faint round coma traceable on the original 
negative to a diameter of 30". Four days later the diameter is 
only 16", but the whole coma is bright and sharply defined, the 
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image of the comet being more like a star of magnitude 13. The 
rise in brightness of the comet must obviously be rapid, while its 
decline is relatively slow, but it is not yet possible to establish 
any periodicity in the fluctuations. No satisfactory explanation 
can as yet be suggested. It seems most improbable that internal 
action in the comet can be responsible for such wide variations in 
brightness, and solar action also seems inadequate, especially as 
outbursts occur when the comet is near its aphelion. Mr. L. E. 
Cunningham has examined plates taken by Dr. Beinmuth at 
KOnigstuhl and has identified images of the comet photographed 
by accident in 1902. The size of the images makes it probable 
that an outburst was in progress at that time, and, as the comet 
was then near its aphelion, it seems that such occurrences must 
be frequent when it is in this part of its orbit. The heliocentric 
distance remains always between 5 3 and 7-3 units, and it is difficult 
to imagine any solar influence capable of producing such great 
changes in the comet’s brightness, the effect of which often persists 
for several weeks. 

Disoordancbs in Timb Obsbrvations. —The anomalies which 
almost invariably present themselves in a series of time observations, 
both in the transits of individual stars observed on the same night 
and in the determinations made at different observatories at vary¬ 
ing seasons of the year, have generally been ascribed to personal 
and instrumental causes. In Monthly Notices, R.A.S., 94, No. 3, 
A. J. Bamford suggests that an appreciable number of these small 
variations have in reality a meteorological origin, and can there¬ 
fore be classed as systematic instead of accidental. Dr. Bamford 
was until recently the Director of the Colombo Observatory, and 
most of his evidence is drawn from work done there with a 4-inch 
transit instrument fitted with electric travelling micrometer. 
Colombo is an exceptionally suitable place for an analysis of this 
kind owing to the regularity of its seasons. The south-west mon¬ 
soon reaches it after a long journey entirely over the sea, and the 
site of the observatory is such that a difference of a few degrees 
in the direction of the pressure gradient during the monsoon means 
practically no difference in the previous life history of the air 
currents. Prom pilot balloon observations it has been foimd that 
the wind at the surface of the ground is decidedly less than it is 
at a height of one kilometre, while the direction remains similar. 
Bamford suggests that this reduction in velocity is caused by the 
friction of the land surface with the result that more air is con¬ 
tinually being brought over the sea from the west at the lower 
levels than is being carried away eastwards at those levels. This 
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causes a congestion of air where the velocity begins to change, 
which is ultimately relieved by ascent. The immediate result is 
a coastal banking up of air, producing a block of high optical 
density east of the meridian which persists during the life of the 
monsoon. At Colombo, where declinations and zenith distances 
differ by only 7°, such a structure of the atmosphere would, by 
refraction, make all clock stars to be observed too soon, those near 
the zenith being least affected and therefore observed relatively 
later than the rest. 

Bamford brings forward varied evidence in favour of his hypo¬ 
thesis. When groups of star observations are analysed in terms 
of zenith distance it is found that, during the south-west monsoon 
season when there is a definite pressure gradient across the meridian, 
the clock errors form a curve with a definite convexity, the most 
positive values being derived from stars near the zenith which 
have little or no azimuth ooeflBoient. At other seasons of the year 
this effect is absent. This analysis certainly is in agreement with 
the theory of an increase in the refractive index of the air from 
west to east across the meridian. Longitude determinations made 
between 1926 and 1928 show more easterly values at times of 
steeper barometric pressure gradients from the south-west, and 
there is also a noticeable correlation between the value found for 
the longitude and the amount of bright sunshine during the day 
preceding the evening’s observations. The longitudes determined 
after sunny days are greater than after dull ones, the former appar¬ 
ently l)eing times of slower convection currents. Further support 
is received from measuring by pilot balloon observations the differ¬ 
ences between the wind velocity at the ground surface and that in 
the main monsoonal stream at a height of half a kilometre. When 
these differences are plotted against the longitudes a mutual increase 
is at once apparent, suggesting that greater frictional effects, likely 
to be associated with a banking up of air and a change in the 
refractive index near the coast are definitely connected with the 
early observation of the clock stars. Bamford also discusses the 
general instrumeiVt question with special reference to level and 
pivot errors, and states that an attempt to connect the observational 
anomalies with star magnitude or with shift of pole proved fruitless. 
At Greenwich a definite correlation has been found between the 
discordances of the Cookson Zenith Telescope plates and the direc¬ 
tion of the wind, but they had no connection with its strength. 
It certainly seems, in spite of some evidence to the contrary, that 
meteorological influences are by no means negligible in longitude 
determinations. 
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The attainment of greater aoouraoy in the rates of observatory 
olooks would go far towards solving these and kindred problems. 
In the Observatory, June 1934, G. A. Tomlinson has an article des¬ 
cribing recent developments in precision time keeping, with special 
reference to oscillating clocks. Oscillating crystals have been found 
capable of maintaining a more constant rate than the best com¬ 
mercial pendulum clocks over short intervals, but for longer periods 
the latter are still the more reliable. Scheibe and Adelsberger at 
the Reichsanstalt claim for one of their crystal clocks a precision 
in daily rate of ± 0*002 seconds a day over a period of six months, 
but this is admittedly an exceptional run, and such clocks cannot 
normally be relied on for more than a few weeks. At the National 
Physical Laboratory the late D. W. Dye obtained a similar order 
of precision with a quartz crystal in the form of an annular ring 
in which the mode of vibration was one of uniform circumferential 
strain, the ring expanding and contracting with a period propor¬ 
tional to its mean diameter. Dye also utiUsed a tuning fork as 
oscillator, and this instrument is capable of maintaining a constant 
rate for six weeks to within 2 or 3 parts in 10,000,000. Tomlinson 
and Sears have developed a successful vibration clock from an 
elinveu* bar one metre in length maintained in longitudinal vibration 
by electrostatic forces appUed at one end. It is housed in an ex¬ 
hausted steel vessel controlled in temperature to within ± 0-002° C. 

These oscillation clocks have the advantage of bemg mdepend- 
ent of the small periodic variations in gravity which affect all pen¬ 
dulum clocks. Loomis and Marrison in New York, by a comparison 
of three Shortt free pendulum clocks and one crystal clock not only 
demonstrated the extremely constant rate of the last over daily 
periods, but were able to detect the effects of the diurnal variation 
in gravity on the others. It is also possible to radiate the frequency 
of an osoUlation clock as a modulation tone, and so to operate 
other clocks in perfect synchronism at widely distant stations, a 
property which may prove valuable in longitude determinations 
or in gravity survey work. 

The difficulty in maintaining stability of frequency makes the 
oscillation clock comparatively unreliable over long periods. Tom¬ 
linson suggests that, for astronomical purposes, a group of 3 such 
clocks should always be installed. This he regards as a minimum 
number for ensuring continuity of time keeping in view of the 
inevitable stoppages of esMJh individual clock. The time for an 
overhaul should be only a few hours, two days should be sufficient 
for establishing the rate after the oommencement of a fresh run, 
and the probable duration of an uninterrupted run is estimated at 
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about two months, so it seems very unlikely that all three clocks 
would be out of action at once. The inherent potential accuracy 
of such a system is obviously much greater than that of any 
pendidum clocks now in use. 

A crystal controlled time signal clock has been installed at the 
Mare Island Navy Yard, California, and has been operating satis¬ 
factorily since January 1934. It is described by Commander 
Offley and A. R. Rice in Publ. Ast. Soc. of the Pacific, 272, and the 
makers are the General Radio Co., Cambridge, Mass. It is intended 
to install similar clocks at Washington, Honolulu, the Panama 
Canal, and the Philippines, so that time signals based upon the 
transit observations at Washington and with an accuracy of 
± 0 01 sec. may be made available throughout the world. 

PHYSICS. B. L F. Bates, Ph.D., D.So., F.lnst.P., University College. 

London. 

The International Conpbbence on Physios —At the time of 
writing the majority of physicists have been following with some 
interest the proceedings of the Joint Conference of the International 
Union of Pure and Applied Physics and the Physical Society, held 
in London and Cambridge from October 1-6, under the joint presi¬ 
dency of Professor Millikan and Lord Rayleigh. This conference 
was well attended by British and foreign members, although no 
doubt many of the former had their time at the conference sessions 
severely limited by the fact that nearly all University terras began 
during the first week in October. The conference virtually consisted 
of two portions, one on the solid state and one on nuclear physios, 
the latter covering the phenomena of cosmic radiation and artificial 
disintegrations or transformations of the nucleus; some of the 
more important communications dealing with recent work on 
cosmic rays will be described here, not always in the sequence in 
which they were presented. 

The discussion on cosmic radiation was opened by Professor 
Millikan, who presented the results of a survey by I. 8. Bowen, 
H. V. Neher and himself of the effect of latitude upon cosmic ray 
intensities carried out at very high altitudes over a region extending 
fix>m Northern Canada to Peru. Observations were made in aero¬ 
planes at altitudes up to 22,000 ft. and in three stratosphere ascents 
over the United States, including one made by Lt.-Commander 
Settle, who reached a height of 62,000 ft. In discussing the results 
of the survey, Millikan assumed at the outset that the conclusions 
of Epstein and Lemaitre-Vallarta (see Soi. Proo. XXVIII, 98,1938) 
on the effect of the earth’s magnetic field on electrons travelling 
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towards the earth were oorreot. In addition, he considered that, 
in general, the immediate ionising agents responsible for the observed 
ionisation associated with cosmic rays were free positive and negative 
electrons liberated by incoming photons. He did not postulate 
that other ionising agents were entirely ineffective, but he con¬ 
sidered that their effects were negligible. In view of atmospheric 
absorption, then, it would be necessary to have a primary beam 
of electrons of 20,000 million electron-volts to account for the 
ionisation observed at the earth’s surface, whereas only a few 
thousand million electron volts would be sufficient if the incoming 
radiation were entirely composed of photons or highly penetrating 
electromagnetic radiations. 

The survey showed that the cosmic radiation consisted of two 
parts, one field-sensitive and the other non-field-sensitive, t.c. one 
was dependent on the magnetic latitude in which the observations 
were made and the other was not. In equatorial districts 93 per 
cent, of the ionisation at sea level was due to the non-field-sensitive 
portion ; of the remaining 7 jjer cent, one-sixth was attributed to 
the direct action of high-speed electrons and the rest to secondary 
ionisation produced by them. These high-speed electrons with 
energies of 10,000 miUion electron volts were considered sufficient 
to account for the observed changes in ionisation between eastern 
and western directions in high altitudes. Millikan finally eonsidered 
that the enormous energies found in cosmic ray phenomena could 
only arise from the annihilation of matter. 

The photon hypothesis is, however, not generally accepted, for, 
as Blackett pointed out in his contribution, comparatively little is 
known of the radiation in the upper parts of the atmosphere, in 
particular its variation with latitude and its azimuthal distribution 
are unknown. While he was certain that the greater part of the 
radiation which penetrates into the lower half of the atmosphere 
must be regarded as positively charged, he was not so certain that 
the conclusion formed by Johnson that nearly the whole of the 
incident radiation must consist of positively charged particles was 
strictly correct, and he felt that it was necessary to assume the 
existence of multiple charged particles in the upper atmosphere. 

Auger and Leprince Ringuet also discussed the latitude effect for 
cosmic rays. They considered in particular the results obtained 
on a voyage from Le Havre to Buenos Aires. They found that the 
number of particles arriving vertically, the numbers of primary 
particles and of secondary particles, decreased in the same manner 
as the equator was approached. The distribution of the rays for 
different angles with the vertical was compared at the equator and 
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at Buenoa Aires, 38° S. At the equator the distribution curve was 
flatter and less symmetrical than at Buenos Aires, and this difference 
was taken as evidence that the greater part of the primary particles 
were positively chai^d, and arrived at the equator when moving 
from west to east after suffering considerable absorption in the greater 
thickness of air through which they passed. 

While Blackett considered that it was at present uncertain 
whether the positively charged particles arriving at the earth’s surface 
were positrons or protons, Anderson and Neddermayer inclined to 
the view that the majority of the high energy cosmic ray particles 
at sea level bad electronic meuis, and they considered that practically 
all the cosmic ray electrons observed at sea level arose only from 
photon encounters with nuclei. 

Rossi, of Padua, opened his contribution with the following 
question. If several Geigor-Miiller counters, separated by several 
centimetres of lead, are arranged in a straight line, and they are 
simultaneously discharged, does it really follow that this simultaneous 
discharge or coincidence is due to the passage of the same particle 
through all the counters ? This question was answered in the 
affirmative on the basis of the experiments outlined below. Three 
counters, each 2-5 cm. in diameter and 25 cm. long, were arranged 
vertically above one another with their axes parallel. Seven cm. 
of lead were placed above the first counter, 45 cm. between the first 
and second, and 45 cm. between the second and third. Under 
these conditions 1-9 coincidences per hour were observed, which 
were due either to particles which passed through all three counters 
and the interposed 90 cm. of lead, or ebe to non-ionising radiations 
which produced three different showers of secondary rays above the 
three counters, each shower exciting one counter. On removing 
the lead from above the first counter, the number of coincidences 
was raised to 2-2 per hour. On displacing the second counter 
laterally by 3 cm., with the initial conditions otherwise unchanged, 
the number of coincidences fell to 0-29 per hour. These results 
would follow from the first hypothesis. Consequently, far the 
greater part of the coincidences observed in the first experiment 
were due to ionising particles which passed through 90 cm. of 
lead. 

Accepting the substantial correctness of coincidence experiments, 
Rossi considered that they might be summarised as follows. At sea 
level or on mountains the cosmic rays are divided into two shaiply 
defined groups, a “ soft ” group for which the mean penetrating 
power is equivalent to several centimetres of lead, and a “ hard ” 
group for which the mean penetrating power is equivalent to several 
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mekes of lead. The absorbing power of different subatanoes for 
cosmic particles is apparently roughly proportional to their densities. 

The hard and not the soft group of cosmic rays is the one which 
is deflected by the earth’s magnetic field, for on filtering out the 
soft radiation with suitable absorbers the east-west or azimuthal 
dissymmetry becomes more pronounced. The hard group is con¬ 
sidered by Rossi to belong to the primary radiation entering the 
atmosphere, and from the latitude effect it is deduced that the 
primary particles observed at sea level must enter the atmosphere 
with an energy of at least 3,00U million electron volts. The soft 
group of particles is certainly of secondary origin, for, owing to 
absorption in the atmosphere soft group particles produced at 
considerable heights above the earth’s smface would be unable to 
reach it, yet they are numerous at sea level. 

Rossi then tiumed to results on the formation of “ showers ”— 
numerous groups of positive and negative electrons—obtained from 
coincidence measurements. He considered first an experiment in 
which the three counters wore arranged at the apices of an inverted 
•equilateral triangle, with a lead screen above them. The fiequency 
^ of triple coincidences was measured for different thicknesses of lead, 
so that information was obtained about the way in which the 
number of showers from the lead varied with its thickness. Assuming 
that showers are formed by the hard primary corpuscular radiation, 
then with increasing screen thickness the number of coincidences 
should at first rise rapidly, reach a kind of saturation value for a 
thickness of several centimetres and then fall slowly according to 
the law of absorption of the primary corpuscular radiation. Yet, 
at sea level, it was found that the fall from the maximum value 
was quite rapid, showing that the radiation producing the showers 
is absorbed by lead much more rapidly than the primary radiation. 

Again, when the lead screen was replaced by screens formed 
from different elements, all having the same mass per unit area, a 
rapid increase in the number of coincidences with increasing atomic 
number was found (see J. H. Sawyer, Phy«. Rev., 44, 241, 1934). 
Yet, on placing above the counters a lead screen of slightly greater 
thickness than that at which the maximum number of coincidences 
occurred, and surmounting this with different screens, each with 
the same mass but different atomic number, it was found that the 
absorption of the radiation producing the showers increased with 
atomic number. Actually, it is approximately proportional to Z*. 
Thus, Rossi concluded that the shower-producing radiation was a 
new component of radiation which had to be added to the above 
hard and soft components. The soft component clearly consists of 

II 
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particles from showers, t.e. secondary radiations from the shower- 
producing component of the cosmic rays. 

Kossi then put the following question. Is the shower-producing 
radiation a secondary radiation from the hard group of cosmic 
particles, or must it be considered as a primary component of cosmic 
radiation ? The experimental facts are that the shower-producing 
radiation increases more rapidly with altitude than the number of 
cosmic particles , e.g. Johnson {Phya Rev., 45, 569, 1934) found an 
increase of 1 : 6-9 in the frequency of showers and of 1 : 3-78 in the 
number of particles, found by coincidences with three counters in 
the same vertical plane, between sea-level and a height of 4,250 mm. 
Moreover, the barometric effect, t.c. the diminution in intensity 
associated with increase in atmospheric pressure is more noticeable 
for the shower-producmg radiation than for corpuscular radiation. 
Again, the curve of coincidences obtained with lead screens of 
different thicknesses above the three counters, at first fails off very 
rapidly and then very slowly; indeed, some workers think that at 
10 cm. it begins to turn up again to give a faint maximum at 18 cm. 
thickness. 

From these results Rossi concluded that if the shower-producing 
radiation is a secondary radiation from the hard cosmic rays, then 
the intensity of the secondary radiation in equilibrium with a given 
intensity of primary radiation is greater in air than in lead. If, 
however, the shower-producing radiation is a primary component 
of cosmic rays, then ho concluded that at sea level it is composed 
of two groups of rays of different penetrating powers, of which the 
softer is entirely absorbed by a few centimetres of lead. There is 
not yet sufficient evidence to permit us to decide in favour of either 
of these suggestions. 

Blackett also considered the problem of shower-production in 
some detail. Ho pointed out that the total energy in a shower may 
amount to a total of 3,000 million electron volts. He was inclined 
to identify the shower-producing radiation with photons of high 
energy, mainly because the particles in the showers were positrons 
and electrons in about equal numbers, and hard gamma-rays are 
known to lie absorbed mainly with the production of positron- 
electron pairs, and it was significant that the absorption coefficient 
of gamma-rays of 2 to 5 million volts energy is numerically about 
the same and varies with Z* of the absorber lika the shower-producing 
radiation. This suggestion means that photons of energy up to 
1,000 million electron volts have about the same penetrating power 
as photons of a few million electron volts, a conclusion not yet 
proved experimentally. 
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Blaokett therefore pictured the formation of showers in the 
following way. A primary particle, a positron, electron or proton, 
of energy, 1,000 to 10,000 million electron volts, makes collisions 
with atomic nuclei resulting in the liberation of a number of photons 
of high eneigy, mainly in the forward direction, the actual effective 
cross-section for a collision being probably of the order of a few 
per cent, of the area of the nucleus. The photons so produced are 
absorbed with the formation of single and multiple positron-electron 
pairs, the cross-section involved now varying roughly as Z*, and 
being much larger than the nuclear area for elements of high atomic 
number. Thus Blackett favours the hypothesis that the shower- 
producing radiation is a secondary component of cosmic rays. 

Another aspect of cosmic ray phenomena was emphasised by 
Hoffmann, of Halle, who described experiments on Stbsse. A Stoss 
is a relatively enormous burst of ionisation which occurs on rare 
occasions in high pressure ionisation chambers (see Sci. Pboo., 
XXVIII, 96, 1933), being equivalent to about 4 million ions, when 
used above the surface of the earth. He pointed out that expansion 
chamber photographs frequently contained a sot of multiple tracks, 
which a priori might be considered a Stoss ; but when one considered 
the number of ions involved, one realised that several hundred tracks 
would be required. The probability of finding several hundred 
tracks present at the same time is practically zero. Yet bursts 
occur far too frequently to bo regarded as instrumental breakdowns, 
and in any caae nobody has found any reason for such breakdowns. 
Thus Swann found StOsse even with potential differences of 4-6 volts 
between the collector and the walls of the chamber, i.c. under 
conditions which rulevl out all possibility of ionisation by coUision. 
Messersohmidt used pressure ionisation chambers of medium size 
to avoid statistical fluctuations of non-Stoss origin, which were 
balanced by a compensation device. He recorded 800 bursts and 
confirmed Steinke’s observation that the number per day was 
connected with the shielding of the instrument, at first increasing 
rapidly and then becoming less with increase in shield thickness, 
the maximum number of ions liberated in a burst remaining constant 
at 3*8 million. Different sliield materials gave different character¬ 
istic values of the thickness for which the maximum number of 
bursts per hour occurred. As the number of bursts diminished 
with increasing thickness of lead, the hardest components of the 
cosmic rays could not be regarded as responsible for their production. 

Hoffmann therefore took the view of Swann and Locher (Phys. 
Rev., 44 , 779, 1934) that neutrons were liberated in the Stoss 
reaction, the number and efficiency of these neutrons increasing 
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with the atomic number of the ehielding material. Cbmpton and 
Bennett, in their communication, described measurements made 
with a 20-litro steel chamber containing argon at 50 atmospheres 
pressure and protected by a layer of lead shot equivalent to a lead 
shield 12 cm. thick. A compensation method was used, and the 
potential difference across the chamber was only 18 volts, which 
was less than the ionisation potential. Single bursts of as many 
as 200 million ions were observed under these conditions. With 
higher voltages bursts of 1,000 million ions were found at sea-level 
and of 7,000 million at high altitudes. The latter figure corresponds 
to an energy equivalent to the total mass of an atom of atomic 
weight 20, and they felt it was unlikely that the bursts could be 
attributed to any kind of nuclear reaction. It is clear, however, 
that the phenomena are sufficiently definite to require an adequate 
explanation in any theory of cosmic rays which may be put forward. 

In view of the article contributed by Dr. Feather in the last 
issue of Science Progress the contributions on artificial radio¬ 
activity will not be summarised here. Certain other aspects of the 
work of the Conference will be more extensively considered in an 
article on new ideas in modem physics which will be found in this 
issue. It 18 hoped later to provide an account of the contributions 
on the solid state. 

The writer of this article looks forward with interest to the 
appearance of the reports to be issued by the S 3 rmbolB and Nomen¬ 
clature Committee of the International Union on Physics. He 
regards himself as fairly internationally-minded, but he finds it 
extremely difficult to accept the recent recommendation, namely, 
that the unit of intensity of magnetic field in future be named the 
oersted instead of gauss ; moreover, he has yet to meet an English 
physicist who approves the change. 

GENERAL AND ORGANIC CHEMISTRY. By O. L. Brady, D.So., 

F.I.C., University College, London. 

The Configuration of the Oximes.— The determination of the 
configuration of geometrical isomerides by chemical means presents 
certain difficulties as reactions do not always occur in the simple 
manner that is sometimes assumed. For this reason physical 
methods offer particular attractions and recently dipole moment 
measurements have been applied to the problem of oxime configura¬ 
tion. Before discussing these, however, it is necessary to review 
the position briefly as there are few topics in organic chemistry so 
inaccurately treat^ in the text-books. 

Two chemical methods were used originally by Hantzsch, one 
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for deckling the configuration of ketoximes and the other for 
aldoximee. In the former case the Beckmann change was employed 
and the assumption was made that the hydroxyl ajid the aryl group 
which were on the same side of the plane of the double bond between 
carbon and nitrogen changed places thus: 

NO,.C,H,.C.C,Hj NO,.C,H,.C.OH 

II -► II N0,.C,H4.C0.NHC,H, 

N.OH NCJI, 

NO,.C,H,.C.C,H. HO.C.C^H, 

II -► II C,H..CO.NHC,H,.NO, 

HO.N NO, C,n4.N 

The group which appeared in the product of the Beckmann 
change attached directly to nitrogen was assumed to be, in the 
oxime, on the same side of the C = N plane as the hydroxyl group, 
a cis interchange of groups being supposed to take place. 

With the aldoximes, Hantzsch relied upon the differential 
behaviour of the acetyl derivatives with sodium carbonate solution. 
On treating the isomeric aldoximes with pure acetic anhydride at 
30° C. acetyl derivatives were formed , of these one, that prepared 
from the /3-aldoxime, on the addition of cold aqueous sodium car¬ 
bonate gave mainly the corresponding nitnle whilst the other, from 
the a-aldoxime, was unaffected. The assumption was made that the 
compound which readily lost acetic acid hod the hydrogen atom and 
the acotoxyl group on the same side of the C = N plane thus : 

C.H..CH ^ o C,H,.CH 

II * , II stable to cold carbonate 

HO.N CH,CO.O.N solution. 


C.H..CH C,K..CH 


N.OH 


N.O.COCH, 


C,H,CN + CH,CO,Na. 


Here a ct« elimination of acetic acid was supposed to occur most 
readily. The common statement that one aldoxirae loses water to 
give a nitrile more easily than the other is not accurate, we have no 
evidence one way or the other on this point. 

This method for determining the configuration of aldoximes is, 
at best, only an approximate one since the acetyl derivatives of both 
isomeric forms of 3 ; 4-dimethoxy-6-bromobenzaldoxime (Brady and 
Wentworth, J. Chem. 8oc., 1920, 117 , 1046), 3:4-dimethoxy- 
benzaldoxime (Brady and Dunn, ibid., 1923, 123 , 1800) and 
o-methoxycinnamaldoxime (Brady and Grayson, ibid., 1924, 125 , 
1419) are unaffected by cold 2N sodium carbonate solution. In 
these three cases, however, one of the pair of acetyl derivatives is 
decomposed by 2N sodium hydroxide to give nitrile but, as was 
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pointed out liy Hantzsch {Ber., 1891, 24, 21) and by Hauaer and 
Sullivan (J. Amer. Chem. Soc., 1933, 55, 4611) varying amounta of 
oxime are formed at the same time. 

In 1921 Moisenheimer (Ber., 1921,54, 3206) found that treatment 
of triphenylisoxazole (I) with ozone and water gave benzoyl- 
j9-benzilmonoxime (II) whilst Kohler {J. Amer Chem. Soc., 1924, 
46, 1734) obtained ^-benzilmonoxime (IV) from 3 :4-diphenyl- 
isoxazolo-S-carboxylic acid (III). Now /?-benzilmonoxime in the 
Beckmann change gives benzoylformanilide (V) therefore, if Meisen- 
heimer’s contention that his ring fission would leave tlie benzoyl 
and the hydroxyl or benzoylated hydroxyl groups on the same side 
of the C = N plane is correct, the two groups on opposite sides of 
this plane interchange in the Beckmann change, that is there is a 
tram migration of groups. 

C,H..r-C.C.IT, O, C,H*.C CO.C.H. 

II 

N—O—C.CeH* + H,0 N—O.CO.C.H, 

(I) (II) 


C.H,—C C.C,H. O, C,H,.C-C0.C,H5 

N~0-C.CO,H + HjOi N.OU 

(IV) Beckmann 

(III) change 

C.HjNH.CO.COC.Hj ^ HO.C.CO.C.H, 

(V) II 

N.C.H, 

It is claimed that the mild treatment involved was unlikely to 
result in a tram ring fission of the isoxazole leading to the production 
of the isomeric 

C,H,.C.CO.C,Ht 

II 


HO.N 


but santene (VI) on similar treatment gives a diketone (VII) which on 
further oxidation gives tram not cie pentamethylene-1 : 3-dioar- 
boxylic acid (VIII) (Semmler and Bartelt, Ber., 1908, 41, 386). 
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Unless the oxidation of (VII) to (VIII) results in a change in the 
orientation of the groups attached to the ring, the diketone (VII) 
must be the trarus compound and the ring fission by ozone must 
have been in the trana sense. Trans ring fission is not uncommon 
even in the mildest reactions, for example Kuhn and Ebel (JSer., 
1926,58, 919) found that cw-oxidoethylenedicarboxylic acid (IX) on 
boiling with water gave quantitatively dl-tartaric (X) and not 
mesotartaric (XI) acid. 


H CO,H 



H CO,H 


(IX) 


CO,H COgH 

I I 

H.C.OH HO C.H 

I 1 

HO.C’.H HO.C.H 

I I 

COgH COgH 

(X) (XI) 


In 1926 Brady and Bishop (J. Chem. Soc., 192.5, 127, 1359, 
compare also Meisenheimor, Zimmermann and von Kumraer, 
Annalen, 1926, 446, 210) suggested that the elimination of acetic 
acid from the acetyl derivatives of aldoximes occurred more easily 
in the trans sense, that is, when the hydrogen and the acetoxyl 
group wore on opposite aides of the C . N plane. They showed 
that of the two 2-chlor-.5-mtrobonzaldoxime8, one lost hydrogen 
chloride more readily than the other under the influence of alkali 
thus : 


CH OH 



and that the oxime which gave ring formation most readily was 
the one which, when converted to its acetyl derivative, lost acetic 
acid most readily when treated with sodium carbonate. 

This work and that of Meisenheimer resulted in the inversion of 
the configurations assigned to oximes by Hantzsch and this action 
has been supported by a number of other investigations most of 
which, however, depend upon ring formation with its ambiguities. 

Recently method depending on physical properties have been 
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applied to the problem. Auwers and Ottens {Ber., 1924, 67, 446) 
consider that their determinations of the optical properties of the 
isomeric aldoximes and their ethers support the new configurations 
but Brady and Goldstein {J. Chem. Soc., 1926, 1918) measured the 
dissociation constants of pairs of isomerides and found that if the 
analogy of the cinnamic acids was accepted their values supported 
the old configurations ; in the latter case, however, the analogy can¬ 
not be satisfactorily justified. 

Meisenheimer, Theilackor and Beiswenger {AnncUen, 1932, 495, 
249) have very adroitly made use of the asymmetry and consequent 
optical activity conferred on a molecule by restriction of rotation 
of a group, as described in a recent article (Scibncb Proobbss, 


1934, 29, 106). 

When alkaloidal salts of the two oximes (XII) 

and (XIIT) were 

crystallised only 

in the case of (XIII) was there 

any indication of resolution into 

optical isomoridoB. 

OH 



\ 



Me N 

Mo N 


\/ 

x/x 


C 

C OH 

NH.COMe CONHMe 

1 

1 

1 1 


\Y^co,h 


(XII) 

(XIII) 

(xrv) (XV) 


The asymmetry of the molecule in (XIII) is due to the fact that 
the 

Me N 

x/x 

C OH 

I 

group is not co-planar with the naphthalene ring and cannot become 
so, as can the group 

HO 

X 

Me N 

X/' 

c 


in (Xn), owing to the restriction of rotation of the group about the 
bond joining it to the ring due to the interference between the oximino 
hydroxyl group and the ring on the left and the phenolic hydroxyl 
group on the right. Since the esters of (XII) and (XIII) in the 
Beckmann change give (XIV) and (XV) this reaction must involve 
a transmigration of groups as Meisenheimer originally postulated. 
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The dipole moments of a number of oxime derivatives have been 
measured and the results applied to the problem of their configura¬ 
tion. Sutton and Taylor {j. Chem. 8oc., 1931, 2190) investigated 
the isomerio N-raethyl ethers of ®-nitrobenzophenone oxime (XVI) 
and (XVII) 

>-< 

^ O NMe ^ 

(XVI) 


MeN-*-0 

(XVII) 


0,N< 

N 


HON 

(XVIII) 


The electron displacements towards oxygen in the nitro group and 
in the N ether group will re-inforce one another in (XVI) but will 
counteract in (XVII) and the authors assigned the configuration 
(XVI) to the compound with the higher dipole moment and the con¬ 
figuration (XVIII) to the oxime from which this ether was prepared. 
As this oxime in the Beckmann change gives p-nitro-benzanilide 
the evidence supported Meiscnheimer’s views provided no change 
of configuration occurred during the preparation of the N-ethers. 

Since only one N-alkyl ether can be obtained from storeoisomeric 
aldoximes the above method could not bo employed with these 
compounds but Taylor and Sutton (J. Chem. Soc., 1933, 63) have 
overcome the difficulty by comparing the dipole moments of the 
O-ethers of ketoximes and aldoximes. It is not possible, at present, 
to speak with the same confidence about the electron configuration 
about the = NOMe group as in the case of the MeN -> O group 
but these authors found that the p-nitrobenzophenone oxime 
0-methyl ether (XIX) related to the N ether (XVI) through its 
preparation from the same oxime (XVIII) has a lower dipole moment 
than the isomeric ether (XX) 

MeON 

d.p.m. 3 76 X 10~**e.8.U4 

(XIX) 



NOMe 
d.p.xn. 4-20 X 

(XX) 


NO,< ^ ^ -CH 
MeON 

d.p.m. 3 39 X 10“ e.s.u. 

(XXI) 


y—CH. 

NOMe 

d.pm. 3*88 X 


(XXII) 
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The assumption was made that the aldoxime 0-methyl ether with 
the lower dipole moment would have the same relative configuration 
aa the ketoxime 0-methyl ether and the two 0-methyl ethers of 
p-nitrobenzaldoxime were assigned the structures (XXI) and 
(XXII). Now (XXI) was prepared from the oxnne whose acetyl 
derivative gave nitrile with sodium carbonate so these results 
support the contention that acetic acid is more readily eliminated 
when the H and OCOCH, groups are in the traTia position. 

Finally Parsons and Porter (J. Amor. Chem. Soc., 1933,55, 4746) 
have measured the dipole moments of the oximes themselves in 
dioxan, a solvent in which they are not appreciably associated. 
They find that, within the limits of accuracy of their method, the 
two o-chlorbenzophenone oximes have the same moments but that 
in the cases of m- and p-chlorcompoimds the ones with the higher 
melting points, which in the Beckmann change give products with 
the Tinsubstituted phenyl group attached to nitrogen, have the 
lower moments; using Meisenheimer’s configurations this means 
that (XXIII) has a lower moment than (XXIV) 



HON NOH 

2 320 X 10->’e.«u 2 381 x 10-‘*o.».u. 

(XXIII) (XXIV) 

Since the measured moment is the vector sum of several moments 
in the molecule it is difficult to interpret these results. The authors 
state that if the hydroxyl group, as a whole, is positive with respect 
to the nitrogen atom their measurements support Meisenheimer’s 
mechanism of the Beckmann change, if the reverse the original view 
of Hantzsch. It seems, however, impossible to take this simple 
view. Since isomeric oximes have different dissociation constants 
(Brady and Ohokshi, J. Chem. Soc., 1929, 2271) the electronic 
distribution about the oxygen atom must be different in the two 
isomerides and in one case the hydroxyl may be positive and in 
the other negative with respect to the nitrogen. This may account 
for the small difference in dipole moments, 0‘061 x 10"^* e.s.u., 
compared with those found by Taylor and Sutton for the p-nitro- 
benzophenone oxime 0-methyl ethers, namely 0-61 x 10“** e.8.u. 
It is noteworthy that the difference is greatest in the case of m-chlor- 
benzophenone oxime (O'll x 10“** e.s.u.) where the halogen will 
have least, and smallest (nil) in o-chlorbenzophenone oxime where 
it will have the greatest influence on the dissociation constant. 
CONFiotTBATiON OF Hbtbbooyouo CoMFOtTBDS. —^LessUe and 
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Tamer (J. Chem. Soc., 1934, 1170) have publiehed a paper of first- 
olasB importance on this subject. The planar structure of fused 
carbooyclio rings of the type of naphthalene and anthracene has 
been established but little is known of similar heterocyclic systems. 
The configuration of such rings will be influenced by the atomic 
diameters and the valency angles of the elements present in them. 
Now Bennett and Glasstone {ibid., 128) have confirmed i^e result 
of Bergmann and Tschudnowsky {Ber., 1932, 65, 467) that thian- 
thren (XXV) has a dipole moment and must, therefore, be non- 
planar, the two benzene rings being inclined to one another. The 
stereochemical stability of this structure is so far unknown but it 
occurred to Lesslie and Turner from geometrical considerations 
that, if the two non-carbon atoms in the system were different and 



of as widely divergent atomic radii as possible, the stability of the 
folded structure would be at a maximum, and that by choice of a 
suitable compound optical isomerism due to the molecular asym¬ 
metry should be obtainable. They have succeeded in resolving 
10-methyl-phenoxar8ine-2-carboxylic acid (XXVI) into its enantio- 
morphs. The optioelly forms are remarkably stable, for example, 
heating the 1-aoid for six hours at 100° with N-sodium hydroxide 
caused no measurable racemisation. 

Apart from the folded structure the asymmetry may be due to 
an asymmetric tervalent arsenic atom but, in view of the much 
smaller dipole moment of arsine than that of ammonia and the 
repeated failures to resolve substituted ammonias, this contingency 
seems unlikely, especially when one considers the remarkable optical 
stability of the enantiomorphs. Further support for the folded 
structure is provided by the action of ethyl iodide on the optical 
isomerides, the optical activity soon falling to zero. Thoiigh no 
arsonium salt has been obtained which is optically stable it seems 
unlikely, if the original activity was due to a particularly stable 
asymmetric tervalent arsenic atom, that the addition of ethyl 
io^de to the active acid would be accompanied by complete loss 
of activity since an asymmetric arsonium ion is produced. On the 



492 


SCIENCE PB0GBBS8 


other hand, since the formation of an alkiodide is accompanied 
by the acquisition of a positive chai;ge by the arsenic atom the 
effective size of the latter must undergo instantaneous diminution, 
the arsenic atom in the arsonium ion being, probably, little larger 
than an oxygen atom. It is almost inconceivable that a folded 
molecule could withstand the agitation consequent on this change 
of volume without complete loss of optical activity. 

Benzene Substitittion. —The very general interest in problems 
relating to benzene substitution makes the recent work of Wibaut, 
van de Lande and Wallagh (ifec. trav. chim., 1933, 32, 794) of con¬ 
siderable importance. Sheffer and Brandsma (ibid., 1926, 45, 622) 
have pointed out that the variation in the amounts of isomerides 
formed in the nitration of certain benzene derivatives at different 
temperatures is in accordance with the supposition that the differ¬ 
ences between the energies of activation for the ortho-, meta-, and 
para-positions are the deciding factors for the relative amounts 
of isomerides which are formed, whilst the differences between the 
entropies of activation are small and may be neglected. From 
this it follows that the amount of an isomeride which is produced 
in small quantity during a substitution in the nucleus increases 
with rise of temperature. HoUemann, for example, has shown that 
in the nitration of toluene, the proportion of the meto-isomeride 
formed rises from 2 7 per cent, to 4 0 per cent, between ~ 30° 
and -f 60°. Linden (Rec. trav. chim., 1911, 30, 306) found that in 
the bromination of bromobenzene at 66° in the presence of ferric 
bromide 84-6 per cent, para, 13-4 per cent, ortho and 1*9 per cent. 
meta dibrom derivatives were obtained. The present authors now 
find that at 400° the proportions are 67 per cent, para, 20 per cent. 
ortho and 23 per cent, meta, at 450° 25 per cent, para, 20-6 per cent. 
ortho and 64 5 per cent, meta whilst at 630° the ratios are 21-2 per 
cent, para, 18-9 per cent, ortho and 69 9 per cent. meta. There 
appears to bo an abrupt change in the amount of the meto-isomeride 
formed between 400° and 460° and further rise of temperature then 
has little effect. The authors, therefore, point out that their results 
do not conform with the theory of Scheffer in its simple form. 

PHYSICAX, CHEMISTRY. By A. H. Hughes, Ph.D., Laboratory 
of Colloid Science, Cambridge. 

CoixoiDAL Electrolytes.— The ramifications of Colloid Science 
have become so great in the last few years that severe subdivisions 
must be made in reviewing this field. The class of colloidal eleo- 
trol 3 dieB alone, which was the subject of a recent Faraday Society 
discussion, provides material of increasing importance in biological 
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as well as teohnioal prooessos. Colloids possessing an electrioal 
conductivity are of two main types, the colloidal suspensions and 
the colloidal solutions (true “ sols ”), exemplified by colloidal gold 
and soap respectively. According to Preundlich the term colloidal 
electrolyte should be reserved strictly for those pure substances 
which spontaneously form conducting solutions with colloidal pro¬ 
perties in respect to dialysis and Tyndall phenomenon. 

Even such a clear demarcation as this leaves us with a rapidly 
growing class of substances. In addition to the soaps we may now 
include the long chain sulphonic acids and amino compounds, of 
considerable technical importance as emulsifiers and detergents. 
We are concerned with many dyestuffs bearing a chemical resem¬ 
blance to the sulphates and amines. The proteins are colloidal 
electrolytes; while salvarsans and certain starch compounds have 
some claim to inclusion. 

Solutions of such types of ionising molecule owe their colloidal 
properties to the large size of the ions of one sign, the so-called 
ionic micelles, and on this count they fall into three classes. In 
the first place the micelle may in concentrated sols bo composed 
of an aggregate of many molecules, undergoing reversible dissocia¬ 
tion into monomeric ions on dilution. This occurs in the case of 
the soaps, where the individual ions are too small for a very dilute 
solution to exhibit colloidal properties. Secondly, reversible dis¬ 
sociation may occur to ionised single molecules of size sufficient to 
preserve the colloidal nature , as in the case of the congo-dyes. 
Finally the micelle may remain unchanged on dilution, as observed 
with most proteins over a wide range of hydrogen ion concen¬ 
tration. 

The electrical properties of the solution are by our restriction 
due to ionisation, but to obtain anything like a clear picture we 
require information as to the size and shape of the micelle, its 
valency, and further the mode of distribution of the charges around 
the micelle with respett to the crystalloid “ gegenions ” ^ of opposite 
sign in the dispersion electrolyte. In the case of the proteins, as 
we shall see, the situation is further complicated by the amphoteric 
nature of the colloidal ion, and by the fact that the colloidal particle 
is one molecule contributing many charged centres instead of an 
aggregation of molecules each contributing one charged centre. 
Even in the simplest idealised case of an ionising colloid there is 
much doubt as to the best way in which to represent the arrange- 

^ Helmholtz conceived the boundary layer os a charge on the rigid surface 
separated from a layer of ions of opposite sign (the so-oalled “ gegenions ”) 
situated at a small distance firora the surface. 
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ment of the electric chargee in the particle surface. The funda¬ 
mental conclusion of Hardy that the charge is responsible for the 
stability of the system and also for its electrophoresis leaves open 
two avenues of approach. First, electrophoresis may be regarded 
as a direct counterpart to electro-osmosis and streaming potentials, 
in which case we refer to the electric double layer of Helmholtz * 
and Gouy, and express it in terms of a potential. Secondly, we 
may consider the phenomena as an extended case of electrolytic 
conductivity, treating the particle as a highly polyvalent ion. In 
each cose an extrapolation is implied, in the first case iiom macro¬ 
scopic systems downwards, in the second from crystalloid ions 
upwards. As a morphological description of the particle surface 
it is immaterial whether it is viewed as a wall with an electric 
double layer or as a polyvalent electroljrte, but if we wish to penetrate 
further we must choose that hypothesis which most fully accounts 
for the statics and dynamics of colloids. Hartley {Trane. Farad. 
8oc., 1936) has considered in detail the difficulties presented by the 
application of the Debye-Huckel theory to colloidal electrolytes. 
Such attempts are optimistic since the theory is only strictly applic¬ 
able to small ions of low charge in tnie and dilute solution, but 
it is of interest that the von Smoluchowski cataphoresis formula 
deduced from the earlier view of Gouy of a “ diffuse double layer ” 
surrounding a colloid particle, becomes for large and polyvalent 
spherical ions the same expression as the Debye-Huckel-Onsager 
ionic mobility relation. 

Kemp and Rideal {Trane. Farad. 8oc., 1935), using solutions of 
gliadin and of quartz particles covered with gliadin, have attempted 
a correlation of the observed cataphoretic mobility with the theo¬ 
retical Debye-Huckel expression. The relation holds only over a 
limited range of electrolyte concentration, from an ionic strength 
of 0-008 to 0-013. At high ionic strengths anions are preferentially 
adsorbed, which at this pH (4-40) reduces the surface density of 
chaige and gives a correspondingly low mobility. It is, however, 
encouraging that any agreement is obtained at all. 

A new possibility which needs further investigation has been 
suggested by some experiments of de Jong and van der Linde 
{Biochem. Z., 262, 161, 1933). It was found that in gum arabio 
and certain other sols there appear to be more electric units on 
the particle surface than there are possible sources of ionisation. 
This indicates another source of eleotrokinetio activity quite distinct 
from ionisation; and a very well known and even more puzzling 
case is that of the high negative electrokinetic potential shown by 

^See note, p. 463. 
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non-ionising substanoes such as naphthalene or paraffin against pure 
water. 

In the case of the inorganic sols there are two views as to the 
origin of the particle charge, that of surface adsorption and that 
of surface ionisation. Thus As^a was considered to adsorb sulphide 
ions giving a negative charge while the positive charge on ferric 
hydroxide could be ascribed to a dischaige of OH ions from the 
surface of the micelle. The work of Pauli {Trans. Farad. 8oc., 
1936) definitely indicates that the latter view, namely the presence 
of an ionising complex in the micelle, is of greater generality than 
was hitherto suspected. Pauli has succeeded in preparing metallic 
sols of platinum, gold and silver in great purity and high concen¬ 
tration by means of electrodialysis and the refinement of electro 
decantation, in which the sol is concentrated by electrodialysis and 
repeatedly washed with pure water. These sols, in addition to 
organic sols such as the congo dyes and gum arabic, show clearly 
defined ionising complexes, and should thus be regarded as col¬ 
loidal electrolytes, Rabinowicz {Trans. Farad. Soc., 1935) points 
out that considerable caution is needed in a general extension of 
he oonoeption of colloidal electrolytes to lyophobic colloids, par¬ 
ticularly in regard to silicic acid sols. 

Donnan {Trans. Farad. Soc., 1935) has examined the possibilities 
of applying the thermodynamic theory of membrane equilibria to 
the determination of the osmotic presstne and molecular weights 
of colloidal electrolytes in general. It appears that the results will 
be independent of any special formulation of the nature of the 
eoUoidal electrolyte. In regard to the determination of the valency 
or “ free charge ” of a colloidal ion, several methods are available, 
all open to severe criticism. Thus the total acid or base equivalent 
of the ion can bo estimated by chemical analysis, together with 
measurements of conductivities, osmotic pressure, and electrometric 
measurements of the activity of the ions. In such oases the apparent 
ionisation may be much lower than the true value owing to inter- 
ionic forces. The state of affairs is considerably complicated when 
we come to deal, as is more often the case, with mixtures of colloids 
and crystalloids, the effect of the latter on conductivity or osmotic 
pressure being difficult to assess. With certain limitations the least 
objectionable line of attack seems to be from measurements of 
membrane potentials, and Adair and Adair {Biochem. J., 28, 199, 
1934) have discussed fuUy the evaluation of valency therefrom. 
They have found that the best approximation to an absolute value 
is obtained over a range of concentration where the membrane 
potentials are small, the limiting value for very low concentrations 
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of colloid being found by extrapolation from a series of measure¬ 
ments where the com|)osition of the dialysate is maintained con¬ 
stant. 

One of the peculiar phenomena noticeable with certain colloidal 
electrolytes, particularly the soaps, is the relation between solubility 
and temperature. The experimental fact is that with many long 
chain acids and salts a sudden and very great increase in solubility 
occurs over a very short range of temperature giving rise to the 
misleading expression “ the molting jxiint of curds ” (the Krafit 
point) (Krafft and Wiglow, Ber., 28, 2506, 1895). Kraift himself 
attempted to relate this critical temperature to the melting point 
of the fatty acid from which the soap was derived, the two tem¬ 
peratures being in several cases within a few degrees of each other. 
Lawrence {Tram. Farad. Soc., 1936) further points out the dose 
correspondence between the melting pointsof the acids jOOOH 

and the hydrocarbons C 2 nH 4 „ 4.2 which is possibly due to the retentimi 
of the binary association of the carboxyl groups in the acid melt, 
lateral adhesion between the double chain length being the govern¬ 
ing factor. While this explanation may suffice for the case of fatty 
acid and hydrocarbon, it would scarcely seem generally applicable 
to the Krafft phenomenon. Thus the results of Murray and Hartley 
{Tram. Farad. Soc., 1935) for cetyl sulphonic acid and its alkali 
salts show that the Krafft point is different for the sodium, lithium 
and potassium salts. The sodium salt has a solution temperature 
4 Centigrade degrees above the melting point of the acid (54® C.), 
while the acid has its solution temperature 18 centigrade degrees 
below its own melting point. Incidentally the melting points of 
the salts are all above 300° C. Murray and Hartley explain the 
phenomenon on the basis of a mass law equilibrium between sim}^ 
molecules and large micelles. The concentration of micelles of m 
simple molecules will vary as the wth power of the simple molecule 
concentration, and as soon as the micelles reach an appreciable 
fraction of the whole they will increase rapidly if m is large. On 
raising the temperature it is clear that after a fairly sharp critical 
concentration is reached the solubility will increase very sharply 
and over a relatively short temperature range. Any difference in 
“ nonmicellar ” solubility will naturally be reflected in a different 
“ Krafft point.” Murray and Hartley deduce mathematically the 
form of curve to be expected for cases of nonionic mioeUe formation 
and apply the necessary modifications for the case of ionic micelles. 
They conclude that in dilute solutions the aggregation is mainly 
ionic. 

The nature of aqueous solutions of dyestuffs has been clouded 
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in the past by the persistent use of solutions containing uncontrolled 
amounts of foreign electrolytes. It is only recently, in the hands 
of Robinson, Valko and others {Trane. Farad. 8oc„ 1935; Proc. 
Boy. Soc., 131 , A, 676, 696. 1931 ; ibid., 143 , A, 630, 1934) that 

highly purified dyes have been prepared and trustworthy data ob¬ 
tained. The properties of these pure dyes are affected in a marked 
degree by small quantities of electrolytes. Thus in the presence 
of electrol 3 rte, benzopmptirin 4B gives the well-known needle-shaped 
particles in the ultramicroscope, exhibits streaming double refraction 
and has a fairly high viscosity. The pure dye is found to bo optic¬ 
ally clear, shows no streaming double refraction, and the viscosity 
is low. Three methods of attack offer themselves in determining 
the siae and composition of these submicromc micelles; osmotic 
pressure, diffusion and mobility determinations. Many colloidal 
electrdlytes, and among them dyes such as congo red, give a low 
osmotic pressure and a high conductivity, the usual explanation 
being found in ionic aggregation. From osmotic data alone the 
aggregation can only be gauged qualitatively except for those dyes 
whose particle size is unaltered by presence of electrolyte; since 
from Donnan’s theory of membrane equilibrium, a true measure 
of the osmotic pressure due to the non-diffusible particles alone is 
only obtainable in presence of excess of an electrolyte such as 
sodium chloride. Such dyes are exceptional and usually we must 
rely on diffusion or mobility measurements for estimates of the 
“ aggregation number ” (number of ions per micelle). 

In considering the diffusion coefficients of these solutions, it is 
again impossible to obtain results of any significance as to particle 
ske from measurements in electrolyte-free solutions. In the absence 
of salt the non-coUoidal ions tend to diffuse away rapidly from the 
ofdloid ions and create a field which pulls the latter along. If 
mcoess sodium chloride be added, no potential gradient is set up and 
tile colloid ion will diffuse independently. The Stokes-Einstein 
equation is now applicable to these lower diffusion coefficients. If 
we assume (a) that the particles are spherical; (6) that the salt 
has not aggregated the dye; (c) that the particle density is the 
same as for the solid dye, we can now calculate the particle mass 
and hence the aggregation number. 

In this manner Robinson finds for Bordeaux Extra a particle 
weight of 900 (Molecular Weight 700), t.c. a very slight degree of 
association, but the method is obviously inapplicable to many 
dyes for which the salt content necessary to ensure Stokes-Einstein 
conditions is laige enough to cause aggregation or flocculation, 
relative states of aggr^ation of different dyes may be deduced 

KK 
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the change of mobility with oonoentsation. In general the 
mobility increases with concentration to a maximum, due to ionic 
aggregation, but subsequently falls off owing to interionic forces 
and inclusion of “ gegenions.” It is possibly these latter reasons 
which may account for the marked quantitative discrepancy always 
found between the osmotic pressure and diffusion results on the 
one hand and tlie mobility results on the other hand. 

The particle size of dyestuffs is of immediate concern in the 
actual dyeing process. Thus in a series of direct cotton dyes, 
Morton {Trans. Farad. Soc., 1935) has shown that the dyeing speed 
increases as the degree of aggregation decreases, the particle size 
being estimated from ultrafiJtration measurements, using cellulose 
membranes. It appears that rapid dyeing occurs where the dye 
particles are smaller than the micro-capillaries of the material to 
be dyed. It is of interest, however, that for many dyes no adsorp¬ 
tion occurs in the complete absence of salts. Since salts in higher 
concentrations usually cause aggregation and even flocculation of 
the dye it is indicated that the crystalloid ions must play some 
other part in dyeing; possibly preferential adsorption of cations 
is necessary in discharging the negative charge on the dyeing 
substrate, such as viscose. 

In considering the proteins as colloidal electrolytes we are 
faced with several fresh possibilities. First, according to the 
nature of the protein there is a very wide range of actual molecular 
magnitude, from molecular weights of about 3,000, as in clupeine, 
to several millions as in the case of hsemocyanins. Secondly, the 
colloidal particle appears to be in most oases an individual rather 
than an aggregate of individual molecules. Finally, the most out¬ 
standing feature is the amphoteric nature of the proteins. One 
molecule of egg albumen contains about 200 amino-acid residues, 
with a like number of potential charged centres, positive and 
negative. The fact that these ionising groups are part of one 
and the same polypeptide chain imposes a spatial restriction on 
their mutual tendency to symmetry, which restriction is absent in 
the case of simple crystalloids. At the iso-electric point there is 
a balance between the oppositely charged centres in the zwitterion * 
state of the molecule, and the unique effect of hydrogen ions on 
the behaviour of proteins is undoubtedly due to its ability either 
to combine with the — COO~ centre or to be released firom the 
— NH*"^ centre, thus destroying the zwitterion balance. Jordan 

^ The now accepted stnioturo of an amphoteric electrolyte when electrically 
neutral is that of a hybrid ion or “ zwitterion ” of the type R(NH,).COO. 
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Uoyd {Trans. Farad. 8oe., 1935) discuases the application of these 
ideas to the process of tanning. Tannin forms a negatively charged 
colloid and will not combine with the protein till the latter is made 
sufficiently acid to upset the zwitterion balance and leave — 
centres in predominance. Another important point is that a large 
negatively charged colloidal ion such as occurs in tannin will dis¬ 
place crystalloid anions from association with protein, for the 
cohesion between laige ions each with numerous points of electro¬ 
static attraction is much greater than the cohesion between one 
huge ion and many smaller ones of opposite sign. 

In the more directly biological aspects of the proteins Caspersson 
and Hammersten {Trans. Farad. Soc., 1936) publish some prelimin¬ 
ary results which open up large fields of speculation. They have 
made some ingenious attempts to demonstrate a definite protein 
structure in cell nuclei, especially in chromosomes. They show, for 
example, that red blood corpuscles from Triton are precipitated 
both in the nucleus and in the protoplasm by sulphosalicylic acid, but 
only in the nucleus by lanthanum , the presence of the nucleic acids 
is, however, a serious complicating factor. In many biocolloids it is 
difficult to determine whether the presence of a minute proportion 
of a certain element or group is an impurity or an essential con¬ 
stituent. Thus in the case of starch sols, Samec {Trans. Farad. 
Soc., 1936) brings forward evidence that the negative charge on the 
particle is due to phosphoric acid which is directly attached to 
the polysaccharide as an ester. Much fruitless discussion and 
confusion may result in similar cases, as to whether the “ small 
impurity ” is a direct chemical constituent of the colloidal molecule 
or merely a necessary factor in the stability of the physical state 
of the colloidal solution. 

In conclusion it is necessary to add two notes of warning, first, 
in regard to premature speculation on purely thermodynamical 
grounds in a field which is at best more directly amenable to mole- 
oular*kinetio considerations , and secondly in regard to the use of 
high precision methods on complex physiological systems where it 
is possible to fociis the attention too closely on some small part 
and to theorise on the whole. 

NOtk.—R eferonoos to Trans. Farad. Soc., 1936, aro to papers in tho Fara¬ 
day SCoiety discussion on Colloidal Electrolytes, to bo published m January 

19U. 

GEOLOGY. By Q, W. Tybbkix, A.R.C. 80 ., D.Sc., The University, Glasgow. 
Major Tectonics ; STitATioHAPHiCAL and Regional Geology. 
—In his paper on “ The Thermal History of the Earth,” Prof. A. 
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Holmes (Joum. Wash. Acad. Sci., 23, 1938, 169-94) reiterates Ms 
hjrpothesis invoking subcrustal convection currents to explain the 
thermal behaviour and cooling liistory of the earth. He finds it 
consistent with a wide range of geological and geophysical data, 
competent to explain the distribution of continents and oceans, 
and “ sufficiently complex to match the astonishing complexities of 
geological history.” 

The view put forward by G. F. S. Hills (Oeol. Mag., LXXI, 
1934, 276-6) that the non-uniform distribution of granitic and 
basaltic basements in the earth’s crust results from vertical con¬ 
vection currents in the viscous original melt, forms the occasion 
of a suggestive discussion by Dr. H. Jeffreys {ibid., 276-80). 

In his Presidential Address to the Geological Society of America 
R. A. Daly {Bull. Oeol. Soc. Amer., 44, 1933, 243-64) discussed 
” The Depths of the Earth.” In the depths the keys to orogenetio 
and epeirogenetic movements of the earth’s crust, to the problems 
of former land bridges between continents, and to paheogeographic 
problems in general, are to bo sought. Daly believes that “ Cios- 
mogonic theory, seismological results, study of thermal gradients 
and of isostatic adjustment, like the multitude of facts of tectonics, 
all seem to support a thesis : our planet is still too hot to crystallize 
at any depth greater than about 80 kms. or 60 rnUes.” 

Of importance for the study of the depths of the earth are three 
papers by W. A. Zisman {“ Young’s Modulus and Poisson’s Ratio 
with Reference to Geophysical Applications ” ; “ Compressibility 
and Anisotropy of Rocks at or near the Earth’s Surface ” ; ” Com¬ 
parison of the Statically and Seismologioally Determined Elastic 
Constants of Rocks ” ; Proc. Nat. Acad. Sci., 19, 1933, 653-86) 
and one by L. D. Leet (“ Velocity of Elastic Waves in Granite and 
Norite,” Physics, 4, 1933, 375-85). 

The geothermal curve must have been affected by the Pleisto¬ 
cene ice sheet and the subsequent long-period surface temperature 
variations. W. O. Hotchkiss and L. R. Ingersoll {Joum. Oeol., 
XLII, 1934, 113-22) have made an attempt to find such an effect 
and to interpret it in terms of past surface temperatures by sub¬ 
jecting a series of geothermal measurements made in the Calumet 
and Hecla copper mines of Michigan to mathematical analysis. 
The results indicate that the glacial epoch ended in this region 
20,000 to 30,000 years ago, and that it was followed by a period 
with ground temperatures distinctly warmer than the present which 
was succeeded by a cooler period lasting until recent times. 

A useful summary entitled, “ Comments on Isostasy. Made by 
Authors of Geological and Geophysical Books and Papers,” has 
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been oompiled by W. Bowie, and published in mimeograph form 
{Nat. Bee. Council, Waahington, D.C., 1932, 49 pp.). 

From the spacing of raised beaches and other facts of uplift 
and subsidence B. G. Lewis {Qeol, Mag,, LXX, 1933, 499-621) 
builds the theory that the mechanism of earth movements is based 
on “ plastic anticlines ” which travel slowly through the earth’s 
crust, and he postulates two possible causes for this mode of move¬ 
ment. A further paper by the same author deals with “ Subsidence 
in the European Area ” on these lines {ibid., LXXI, 1934, 76-86). 

In a valuable discussion of “ Die Zeitlichkeit der Erdkrusten- 
bewegungen,” E. Haarmann (N.J.f Min , B.-B. 71, Abt. B., 1933, 
48-87) insists on the lack of definiteness in geological time divisions, 
and combats Stille’s classification of crustal movements as orogonetic 
and epeirogenetic. In his view the earth’s crust moves continu¬ 
ously, and it is not possible to separate in time the differently- 
disposed movements. 

A. P. Coleman destructively criticises the Wegener theory in his 
paper entitled, “ Ice Ages and the Drift of Continents ” {Journ. 
Oeol., XLI, 1933, 409-17). In his view the Wegener theory com¬ 
pletely fails to explain the Pleistocene and Permo-Carboniferous 
glaciations. 

A. Born’s essay, “ Uber Werden und Zerfall von Kontinent- 
schollen.” {Fortachr. d. Qeol. u. Pal., X, Heft. 32, 1933, 347-422) 
is a review of present opinion on the growth, structure, and breaking- 
up of the continents. Notices of this work are to be found in Oeol. 
Mag., LXXI, 1934, 91, and Amer, Joum. Set., XXVII, 1934, 231. 

L. J. Chubb’s paper on “ The Structure of the Pacific Basin ” 
(Oeol. Mag., LXXI, 1934, 289-302) is a most suggestive summary 
of the petrological, stratigraphical, and tectonic evidence on this 
subject. Mr. Chubb inclines to the view that inconstant land 
bridges may have existed over at least part of the Pacific region. 

The interrelations of epeirogeny, stratigraphy, and sedimentation 
are dealt with in M. Y. Williams’ paper “ Land Movements and 
Sedimentation ” (Btdl. Oeol. Soc. Amer., 43, 1932, 993-1002). 

Investigation of the rifts produced by the earthquake of Decem¬ 
ber 20, 1932, at Cedar Mt. Nevada, by V. P. Gianella and E. Cal¬ 
laghan {Joum. Oeol., XLII, 1934, 1-22) shows that they have a 
bearing on the origin of basin-range structures. The relative hori¬ 
zontal movement along the rifts is the same as on two great struc¬ 
tural lines, the San Andreas Rift, and the eastern front of the Sierra 
Nevada. The conclusion is drawn that horizontal as well as vertical 
movement is concerned in the origin of basin ranges. 

In a preliminary study Professor F. E. Suess makes some inter- 
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eating comparisons between the “ Gnindgebirge ” of the Alps, the 
Caledonides of Scotland, and of the Appalachians {Akad. Wi8«. 
Wien. Silz. d. Math.-Nat., Kl. 5, Juli 1934, 9 pp.). A related study 
is that by H. Becker on “ Das Hochgebirgeproblem in den sudlichen 
Appalachen im Verglcich zu europaisohen Gebirgen ” (Min. u. Petr. 
Mitt., 44, 1933, 193-8). The “ Hochgebirgsproblem ” is the occur¬ 
rence of metamorphic rocks overlying normally-developed sediments, 
and is treated from the point of view of metamorphism. 

In Dr. E. Dix’s important memoir on “ The Sequence of Floras 
in the Upper Carboniferous, with Special Reference to South Wales ” 
(Trans. Boy. Soc. Edin., LVII, Pt. Ill, 1934, 789-838) an attempt 
is made to indicate the value of fossil plants in wide-range correla¬ 
tions. Nino plant zones have been distinguished in the Upper 
Carboniferous of the Swansea district, and traced in other parts of 
the South Wales coalfield. Most of these are recognizable in other 
British areas and compare closely with the floral divisions adopted 
in certain European areas. It is suggested that these divisions 
afford a more satisfactory basis for correlation of Upper Carboni¬ 
ferous in Great Britain than those established by Kidston, while 
they agree closely with those based on the non-marine lamellibranchs 
and on the distribution of marine strata. 

Writing on “ The Carboniferous-Permian Dilemma ” H. E. 
Wheeler (Journ. Oeol., XLII, 1934, 62-70) concludes that “ greater 
precision in correlating strata and events would be attained by a 
more extended use of the European stage designations than by 
continuing to employ terms of such variable and ambiguous con¬ 
notation as “ Carboniferous ” and “ Permian.” This author does 
not appear to be aware of Dr. R. L. Sherlock’s exhaustive work 
on this subject (see Science Pboobess, October 1928, p. 223, and 
April 1932, p. 674). 

The valuable up-to-date summaries of British regional geology 
so frequently published by the Geologists’ Association are continued 
by three memoirs : R. G. S. Hudson et alia, ‘‘ The Geology of the 
Yorkshire Dales ” (Proc. Oeol. Assoc., XLIV, 1933, 227-69); C. I. 
Gardiner et alia, “ The Geology of the Gloucester District ” {ibid., 
XLV, 1934, 109-44), V. Wilson et alia, “ A Synopsis of the Jurassic 
Rocks of Yorkshire” (ibid., 247-91). A paper that should bo 
mentioned in connection with the above is K. C. Dunham’s “ Struc¬ 
tural Features of the Alston Block ” (Gcol. Mtig., LXX, 1988, 
241-64). 

The following are notable papers on various aspects of ICngtinh 
stratigraphical geology ; A. E. Mourant, “ The Geology of Baotem 
Jersey ” (Qtiart. Joum. Oeol. Soc., LXXXIX, 1933, 273-307); G. 
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H. Mitchell, “ The Borrowdale Voloanio Series and Associated Books 
in the Country between Long Slcddale and Shap ” {ibid., XC, 1934, 
418-44); S. Melmore, “ The Glacial Gravels of the Market Weighton 
Area and Related Deposits ” {ibid., 141-57); J. F. Kirkaldy, “ The 
Sandgate Beds of the Western Weald ” {Proc. Oeol. Asaoc., XLIV, 
1933, 270-311); J. F. Kirkaldy, “ The Tetitonio Development of 
the Western Weald in Lower (Cetaceous Times ” {Oeol. Mag., LXX, 
1933, 264-68); F. Raw, “ Triassic and Pleistocene Surfaces on some 
Leicestershire Igneous Rocks” {ibid., LXXI, 1934, 23-31). 

In his review of the “ Age-Problems of the Moine Series of 
Scotland,” Professor H. H. Read {Oeol. Mag., LXXI, 1934, 302-17), 
on the basis of new evidence from central Sutherland, comes to 
the conclusion that this series and its metamorphism are of Pre- 
Torridonian date, while a Lowisian age is not excluded. 

Professor T. J. Jehu and Dr. R. M. Craig complete their studies 
of the geology of the Outer Hebrides with a memoir on North Harris 
and Lewis {Trana. Hoy. 8oc. Edtn., LVII, Pt. Ill, 1934, 839-74). 
The belt of crushed gneiss which has been observed bordering the 
eastern sides of the soutliern islands reaches its greatest develop¬ 
ment in Lewis. Its base again rests on a thrust-plane along which 
there are conspicuous exposures ot flinty-crush-rock and mylonite. 
The authors believe that the disputed red conglomerates and sand¬ 
stones of Stornoway are most probably of Tomdonian age. 

Scottish Carboniferous rocks are dealt with in the following 
papers: M. Maegregor and J. Pringle, “ The Scottish Millstone 
Grit and its Position in the Zonal Succession ” {Summ. Prog. Oeol. 
Surv.for 1933, Part 11, 1934, 1-7); M. Maegregor and W. Manson, 
“ The Carboniferous Rooks of Inninmore, Morvern ” (ibid., 74-84). 

J. J. Hartley’s impressive memoir on ” The Geology of North¬ 
eastern Tyrone and the Adjacent Portions of Co. Londonderry ” 
{Proc. Roy. Irish Acad, XLl, Sect. B, No. 16, 1933, 218-85) is mainly 
a description and interpretation of the Tyrone Igneous Series, which 
consists of tuffs and lavas of the spilitic series, dolerites, diorites, 
quarte-porphyries, granites, and gabbros, with their metamorphio 
equivalents. With considerable probability these rooks are cor¬ 
related with the Highland Border Series of Scotland, and regarded 
as of Late-Cambrian or Cambro-Ordovician age. They have also 
a strong resemblance to the Arenig igneous series of the Girvan- 
Ballantrae area of Ayrshire. 

Professor E. B. Bailey and Dr. W. J. McCallien describe and 
discuss ” The Metamorphio Rooks of North-east Antrim ” (Trana. 
Soy. Roc. Edin., LVIII, Pt. I, 1934, 163-77). They establish the 
existence in Antrim of certain horizons in the Scottish Dalradian 
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known as the Ben Lui Schists, the Loch Tay Limestone, Pitlochry 
Schists, Green Beds, and Ben Ledi Schists and Grits. The three 
last-named series are involved in a recumbent fold which appears 
to be analogous to the Garrick Castle fold of Cowal. The petro¬ 
graphy of “ Green beds ” and of albite schists is discussed in some 
detail. 

An important memoir on “ Bau und Entwicklung des Apennins, 
besonders der Gebirges Toscanas ” by P. de Wijkerslooth, has 
appeared {Oeol. Inst. Univ. Amsterdam, Publ. No. 51, Privately 
published, 1934, 426 pp., 8 pis.). The author summarises previous 
work on the Apennines and combines with it his own field observa¬ 
tions during the period 1929-32. His main conclusions are con¬ 
veniently stated in twenty-throe paragraphs at the end of the memoir. 

The main object of the Summer Excursion of the Geologists’ 
Association in 1934 was to examine the Oslo district of Norway 
with special relerence to Holtedahl’s epoch-making discovery of 
Permian plants amongst the rocks formerly assigned to the Devonian 
(see SoiBNOE Pbogeess, January 1934, p. 491). A most valuaUe 
memoir on the geology of the region was prepared for the excursion 
by Professor Holtedahl and his colleagues, together with notes on 
the Finse and Bergen districts (Proc. Oeol. Assoc., XLV, 1984, 
307-77). 

Dr. H. von Eckermann presents a preliminary report on the 
geology of the Loos region in H&lsingland, Sweden {Oeol. For. 
Stockholm Fork., 56, 1934, 341-68). The rocks are all of Archsean 
age, and the author states that the investigation of this district 
has “ turned out to be of the greatest importance for the inter¬ 
pretation, parallelization, and chronological division of the different 
Pre-Cambrian formations within Fennoscandia.” Over eighty new 
chemical analyses of the rocks are promised in a later work. 

An exhaustive memoir by A. L. Lundegren (Swedish, with Ger¬ 
man summary) deals with the Cretaceous formation in the Kristian- 
stad district of southern Sweden {Oeol. For. Stockholm Fork., 

1934, 126-313). 

E. H. Kranck continues the work on the tectonics of the oldest 
Urgebirge (Svoco-Fennides) of the islands of South-West Finland, 
which was begun by Wegmann and himself {see SoiBNOB Proqbbss, 
April 1932, 681) with an investigation entitled: “Kinetisoh- 
geologische Studien im Scharenhof von Eken&s, S. W. Finland ” 
{C.R. Soc. giol. de Finlande, No. 6, 1933, 30-63). The view that 
Archaean schists do not occur in definite mountain zones but uni¬ 
formly over the whole of the earth’s crust, is not confirmed by 
these detailed tectonic studies. 
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H. Frebold continues his useful summaries of Arctic geology 
(see SoiiBNoa Pbooress, October 1933, 301) in a paper entitled 
“ Tatsachen und Deutungen zur Geologie der Arctis ” {Medd. Danak 
Oeol. F6r., 8, 1934, 301-26). He thinks that the extension of the 
Spitsbergen Caledonides to North Greenland postulated by L. Koch 
must be regarded as unproved until the exact age of the folding 
in this region is known. 

Geological investigation in East Greenland proceeds with great 
vigour (see Science Progress, October 1933, 301). L. R. Wager 
deals with the general geology of the region from Angmagsalik to 
Capo Dalton (Medd. om Oronland, 105 , No. 2, 1934, 46 pp., 7 figs., 
12 pis.). It consists mainly of Pre-Cambrian gneisses and granites 
associated with a chamockitc series. Mr. Wager also describes the 
Tertiary basaltic lavas (with four new chemical analyses) and 
associated sediments. An interesting feature of Tertiary igneous 
activity in this area is the existence of many plutonic centres, 
including one of nepheline-syenite. 

The following memoirs have recently appeared ; L. Koch, “ The 
Geology of Inglefieid Land ” (Medd. om Oronland, 73, No. 2, 1933, 
38 pp.); H. Frebold, “ Untersuchungen fiber die Verbreitung, 
Lagerungsverhaltmsse und Fauna des oberen Jura von OstgrOn- 
land ” (ibid., 94, No. 1, 1933, 81 pp.); C. Teichert., Untersuchungen 
zum Bau des Kaledonischen Gebirges in Ostgrbnland ” (ibid., 95 , 
No. 1, 1933, 119 pp.); G. Save-Sttderbergh, “ Further Contributions 
to the Devonian Stratigraphy of East Greenland ” (ibid., 96, No. 1, 
1933, 40 pp.); J. P. Ravn, “ New Investigations of the Tertiary 
at Cape Dalton, East Greenland ” (ibid., 105 , No. 1, 1933, 15 pp.). 
The most important of these appears to be C. Teichort’s memoir 
on the structure of the Caledonian mountains. He holds that the 
western Crystalline Complex has been thrust over the sediments, 
and that the overthrusting and faulting must have taken place 
between the end of the Ordovician and the Middle or Upper 
Devonian. 

The first full geological description of a Spitsbergen coalfield is 
given in A. K. Orvin’s memoir on the “ Geology of the King’s Bay 
Coalfield ” (Skr. om Svaibard og lahavet, Nr. 57, 1934, 196 pp.). 
This Tertiary coalfield is notable for the extreme deformation of 
its strata by Late-Tertiary folding. The field has only been pre¬ 
served amongst the older rocks by reason of intense folding, thrusting 
and faulting. 

New Triassic and Jurassic profiles have been described and 
measured by the writer in his paper on “ Stratigraphical Observa¬ 
tions in the Stor Fjord Region of Spitsbergen ” (Trana. Roy. Soc. 
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Edin., LVII, Pt. Ill, 1933, 676-97) to which Dr. J. Weir has con¬ 
tributed a valuable palaeontological appendix. Observations on 
Lower Cretaceous strata at Whales Bay afford support to Prebold’s 
view of their stratigraphical relations rather than to Obruchev’s. 

H. C. Cooke has written a useful review of Pre-Cambrian strati¬ 
graphy on the Canadian Shield under the title “ Land and Sea on 
the Canadian Shield in Pro-Cambrian time ” (Amer. Joum. Set., 
XXVT, 1933, 428-441, 46r-74). 

An imi)ortant memoir by P. B. King {Bull. Oeol. Soc. Amer., 
45, 1934, 697-798) describes the Permian stratigraphy of Trans- 
Pecos Texas, whore the North American Permian attains its greatest 
development. 

R. H. Palmer contributes an interesting summary of the geology 
of Uabana, Cuba (Journ. Oeol, XLII, 1934, 123-46). Habana is 
situated at the western end of an anticlinorium consisting of rocks 
ranging from Upjier Cretaceous to Pleistocene. East of the harbour 
there are intrusions of serpentine and diorite. 

S. Taber deals exhaustively with the geology of the Sierra Maestra 
of Cuba {Btill. Oeol. Soc. Amer., 45, 1934, 667-620) as part of the 
investigation which is necessary to understand the structure and 
history of the great Bartlett Trough in the Caribbean Sea, of which 
it is the northern rim. 

Dr. C. T Trechmann has discussed at length the uplift and the 
origin of the coral rock of Barbados {Oeol. Mag., LXX, 1933, 19-47), 
The same author continues his detailed work on the geology of 
West Indian islands with an account of the “ Tertiary and Quater¬ 
nary Beds of Tobago ” {ibid., LXXI, 1934, 481-93). 

Dr. J. A. Douglas offers another important contribution to 
Peruvian geology with his paper on “ The Geology of the Marcapata 
Valley in Eastern Peru, with an Appendix on the Graptolites from 
the Quitari Area ” {Quart. Joum. Oeol. Soc., LXXXIX, 1933, 
308-i56). A great diversity of plutonic rooks in this region makes 
an interesting contrast to the uniform calcic granodiorites of the 
Western Cordillera. 

In a further paper on “ Der Siidantillen Bogen,” Professor O. 
Wilckens {Oeol. Rundech., XXIV, 1933, 320-36) reinforces his former 
conclusion that the island-groups which connect Stoaten Island 
and Graham Land by means of a vast eastwardly-directed loop are 
fragments of a continuation of the Patagonian Cordillera {aee Soia noe 
P noGRBSS, October 1933, 302). 

In his instructive comparison of the Pre-Cambrian of Penno- 
soandia and South Africa, Dr. T, W. Gevers {C.R. Soc. gid. de Fin- 
Itmde, No 9, 1934, 35 pp.) provides a valuable comparative table 
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of the sequences of Pre-Cambrian events in the typo-regions of 
Europe, North America, and South Africa. In his opinion South- 
West Africa, owing to the great vertical and horizontal range of its 
exposures, bids fair to become another classical region of Pre- 
Cambrian research. 

A. Holmes discusses the Gordonia uraninite in its bearing on 
the age and correlation of the upper Pre-Cambrian formations of 
southern Africa (Amer. Joum. Set., XXVIT, 1934, 343-53). 

In his Presidential Address to the South African Geographical 
Society Dr. A. L. du Toit discusses “ Oustal Movement as a Factor 
in the Geographical Evolution of South Africa ” {8. Afr. Oeogr. 
Joum., XVI, 1933, 3-20). He describes the principal ridges and 
hollows into which the crust in South Africa was bent during the 
period ranging from about the middle of the Tertiary down to the 
present time. 

In a special memoir W. A. Macfadyen deals exhaustively with 
the geology of British Somaliland (Ixindon : Crown Agents for 
Colonies, 1933, pp. 1-87, 4 pis. and map). 

J. B. Auden’s memoir on “ The Geology of the Krol Belt ” (Bee. 
Oeol. Surv, India, LXVII, I*t. 4, 1934, 357-454) is an excellent 
contribution to Himalayan geology. The use of current bedding 
to determine whether the strata are or are not “ right-way-up ” 
has been applied to this region by Mr. Auden with satisfactory 
results. 

A memoir on ‘‘ The Permian Formations of Southern China ” 
by T. K. Huang (Mem. Oeol. Surv. China, Ser. A., No. 10, 1932, 
129 pp.) is appreciatively reviewed by C. Schuohert in Amer. Joum. 
Sei., XXVI, 1933, 4 ">4. 

BOTANY. By PaorsasoB E. J. Salisbuby, D.8 c., F.R.8 ., University 

College, London. 

Ecology. —Much has been written regarding climatic differentiation 
of soils to show that the character of the mature condition is largely 
a function of climate. Since climate and soil together play so 
prominent a part in determining the character of vegetation, if the 
nature of the latter is mainly determined by the former, climate 
appears in a very dominant r61e in relation to the vegetation. 
This is, however, probably only true where the climatic conditions 
are of a very pronounced character. The influence of soil on 
vegetation in an area of approximately uniform climate is therefore 
very instructive and the study by Newton and Stobbe of the Flora 
of Quebec in relation to soil types (Macdonald College Techn. Bull., 
14, Aug. 1934) is of this character. Four types of soil are here 
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recognised. The heavy clay soils which are rather acid in reaction 
{pM.5 •6-6-9) have a moderately high loss on ignition (8-16 per cent.) 
and are consequently moist. The Brown forest soils tend to have a 
higher organic content and wider range of acidity (pH.4-6). From 
these two types of soil the largest number of species were recorded, 
viz. 269 spp. from the forest soils and 244 spp. from the heavy clay. 
The two other soil types present are sandy clay (140 spp.) and podsols 
(162 spp.), both with a rea’ction near pH.6, but the podsols are not 
only poor in mineral nutrients but also have a low organic content 
and are relatively dry. The podsols bear mixed coniferous forest, 
the other soils mixed deciduous woods. Abundance of Fragaria 
virginiana is a feature of the podsols whilst Trifolium repens, 
Ranunculus acris and Taraxacum officinale are characteristically 
more frequent on the clays. It appears then that here the geo¬ 
logical factors play a greater part than climate in determining the 
nature of the vegetation whilst the differences in the latter are in 
part responsible for the nature of the mature soils. 

It has been known for a considerable time that plants grown in 
culture solutions brought about an alteration in the reaction. This 
has been investigated more extensively by A. Koslowska for a 
number of wild species {Jour. Ecology, 396, 1934). Of these some, 
such as Corydal%8 cava, Mercurialis perennis, Asperuia odorata, 
Dentaria glandulosa and less markedly Allium ursinum exhibit a 
striking capacity to render acid solutions more alkaline. Foc- 
cinium myrtillus rendered slightly acid or alkaline solutions definitely 
acid whilst species such as Anemone nemorosa and Luzula pUosa 
caused solutions above pH.6 to become more acid and below to 
become more alkaline. Ubiquitous species were found to vary in 
their capacity to affect the reaction according to the soil from which 
the plants were obtained, but species of restricted habitat showed 
constant behaviour whatever the soil in which they were grown. 
Experiments indicated that the power of altering the reaction was 
correlated with the degree of buffering of the cell sap. Whilst these 
results are of considerable interest as showing one possible factor in 
reaction preferences, it must be emphasised that the power of alter¬ 
ing the reaction of a culture solution, even when buffered, may not 
be in any degree applicable to the root system when surrounded 
by a soil strongly buffered not by one substance but perhaps 
many. 

In the same Journal, B. L. T. de Silva shows that the occurrence 
of calcicoles on soils devoid of any detectable carbonates is associated 
with the presence of considerable quantities of exchangeable calcium. 
Evidence is afforded that calcicoles can tolerate a low proportion of 
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exchangeable oaloium when the acidity is low and that calcifuges 
can tolerate more exchangeable calcium when the acidity is high. 

The same number of the Journal of Ecology also contains descrip¬ 
tions of the vegetation of Akapatok Island off the coast of Labrador 
by N. Polunin, of that of the Chiltern Hills by A. S. Watt and a 
contribution to the ecology of the Humber by R. Good and W. L. 
Waugh. 

The vertical distribution of the root systems of Lucem, Wheat, 
Beane, Rice and Citrus have been investigated by E. S. West (Jour. 
Council Set. Induat. Rea. Auatralia, 87-9.3, 1934). In a loam soil 
the roots of Medicago aativa were found to penetrate to depths of 

metres. Wheat roots extended to about 3 metres, roots of 
Beans and Rice to 90 centimetres and those of Citrus to 1 metre. 
Ninety per cent, of the roots of the Rice were present in the top 
20 centimetres and all five plants showed a rapid decrease of root 
development from above downwards 

Reproductive Morphology and Biology. —An investigation 
of various Rosaceous flowers, including those of Roaa, by G. Jackson 
(Amer. Jour. BoL, 21, 453, 1934) has yielded results confirmatory 
of the interpretation by G. Bonne, published privately in Paris in 
1928. The floral tube is held to be appendicular in character due 
to lateral fusion of the sepals, petals and stamens. Dalibarda repena 
and Rubua triflorua furnish examples of the simple condition. In 
Dryaa there is congenital fusion also between the perianth traces and 
adjacent staminal traces though some of the latter are free. In 
Oeum all the stamen traces are joined to perianth traces for almost 
the entire length of the floral tube. In Roaa the tube is partly 
appendicular but in its lower part axial and, presumably as a result 
of intercalary development in this region, below the level of insertion 
of the carpellary traces, these turn downwards into the concave 
base so that transverse sections show an outer ring of normally 
orientated bundles, supplying the perianth and stamens, and an inner 
ring of bundles with inverted orientation which supply the carpels. 

The embryo sac development and embryology of Radiola Unoidea 
has been studied by J. Mauritzou (Svenak Bot. tid., 28, 84, 1934). 
A multicellular archisporium of as many as four megaspore mother 
cells may be formed one of which develops and forms a linear tetrad 
and a normal eight-celled embryo-sac. In Biophytum aenaitivum 
during development of the endosperm the embryo-sac encroaches 
upon the surrounding tissue by the formation of ridge-like haustorial 
outgrowths with a well-differentiated nutritive jacket. In the same 
Joxumal Dahlgren describes (p. 103) the embryology of Impatiena 
Roylei. In this species the primary endosperm nucleus divides into 
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two followed by a division of the embryo-sac into two cells. Of these 
latter the two lower exhibit free cell formation and the upper sub¬ 
sequently divides into three of which the uppermost, containing the 
egg, puts out a giant branched haustorium penetrating into the 
funicular tissue. 

Details of the floral biology of Soi^hum are furnished by J. C. 
Stephens and J. R. Quinby (Jcmr. Agr. Res., 12.1, 19.34). It is esti¬ 
mated that a single flower'will produce some ir»,000 pollen grains 
and that a large panicle might form over 100 million. The stigmas 
are receptive for from ten to eighteen days but pollen appears 
to retain its capacity for efi'ectmg fertilisation not more than five 
hours after being shed. The interval between pollination and fertili¬ 
sation appears to be from six to twelve hours. Flowering takes place 
at night and the glumes remain fully open about twenty minutes. 

A. C. Joshi and V. V. Raman Rao report that in the Menisper- 
maceous Tinospora cordifoha seeds which are apparently quite 
normal develop without either fertilisation or pollination. These 
seeds contain no embryo but an endosperm is developed. A normal 
eight-nucleated embryo-sac is formed {Current Science, III, 62, 1934). 
In the same Journal (p. 97) Dr. P. Maheshwari dealing with the 
Indian Mango describes the abortion in the inflorescences. Although 
an inflorescence of Magnifera indica may contain from 1,600 to 4,000 
flowers only two or three of these will produce fruits. Most of the 
flowers are only functionally male and of the five stamens which are 
normally present one, or rarely two, are fertile and produce pollen. 
Occasionally primordia of ten stamens may bo present recalling the 
condition in Anacardium. Though one carpel only is normally 
present two carpels are sometimes observed. 

ENTOMOLOGY. By H. F. Baknbs, M.A., Ph.D., Rothanwted Experi¬ 
mental Station, Harpenden. 

General Entomology —A. Hartzell {Contrib. Boyce TJiompson 
Instil., 6, 1934, 211-23) has been studying the histopathology of 
insect nerve lesions caused by insecticides. Nerve lesions have 
been found in mealworm larvse and adult grasshoppers killed by 
pyrethrum applied externally. The author concludes that death is 
caused by the destruction of the cells of the central nervous system 
accompanied by paralysis. No comparable destruction of nerve 
tissue was found in either of the above-mentioned insects when 
killed by rotenone. 

K. Mansour and J. J. Mansour-Bek {J. Exp. Biol., 11, 1934, 
243-66) claim that true wood-feeding insects do not depend on 
micro-organisms for the digestion of wood. They divide such insects 
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into those without cellulose-breaking enzymes and those with such 
enzymes. The former derive the necessary carbohydrates from the 
soluble sugars and starch in the wood on which they live, while the 
latter utilise the cellulose of the wood through the activities of 
their own secretionB. Further, the authors show that wood-eating 
insects, such as termites and Lamellicorn larvae, with free-living intes¬ 
tinal organisms use these latter as direct food and derive no digestive 
help from them. The same autliors have reviewed the subject of 
the digestion of wood by insects and the supposed role of micro¬ 
organisms {Bxol. Rev., 9, 1934, 366-82). 

M. Aschner (Parasitology, 26, 1934, 309-14) has demonstrated 
that lice freed of their symbionts show that the symbionts play an 
essential part in the life of the louse, so that without them death of 
the larvae results. 

The habits and characteristics of nocturnal animals are discussed 
by S. C Crawford (Qtly. Rev. Btol., 9, 19.34, 201-14). 

An apparatus in which a steady temperature gradient can be 
maintained and in which conditions of temperature and humidity 
can be accurately measured is described by D. L. Gunn (Zeits. f. 
vergl. Physiol., 1934, 617-26) in a study of the temperature 
preference of the cockroach, Blatta orientalis. In this connection 
a paper by P. A. Buxton and K. Mellanby (Bull. Ent. Res., 25, 1934, 
171-5) deals with certain recent improvements in the technique of 
the measm^ment and control of humidity. 

CoLEOPTEBA. —The need for thought in choosing metliods for 
collecting in order to obtain a reasonably adequate idea of the 
fauna of a locality is well exemphfied by the results of J. Omer- 
Cooper and C. E. Tottenham (Ent. Mo. Mag., 70, 1934, 231-4). 
By sweeping the air with a net for six hours in Wicken Fen, they 
captured 7,000 beetles, of which 60 per cent, of the individuals 
belonged to species new to this district. Eighty-one species wore 
caught of which twenty-five were new to the list. 

K. Mansour (B^Ul. Soc. Roy. Ent. d'Egypte for 1933, 1934,190-203) 
recalls the fact that there are two types of adult mid-gut develop¬ 
ment in Coleoptera and urges that this should be of use by systema- 
tists in estabUshing well-defined family series. In the first type, 
which has been long known, the mid-gut epithelium develops from 
replacement cells scattered in between the bases of the epithelial 
cells of the larva; in the second type it develops from the end 
of the stomodaeum during metamorphosis. No intermediate stages 
have been observed. Lists are given of various beetles which Jiave 
one or other of these two types of development. 

In an article on the flour beetle, Tr^olium. confusum, T. Park 
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(Q%. Rev. Biol., 9, 1934, 36-53) points out the desirable features 
of this insect for many lines of research and not only for population 
studies. He also gives much information about its general biology. 

The soil reaction and moisture content requirements for Elaterid 
larvse have been dealt with by W. Subklew {Zeits. f. vnea. Biol., 
28, 1934, 184-228). J. N. Oldham (J, Hdmin , 11, 1933, 119-36) 
has described in some detail the habits of a now nematode parasite 
of flea booties. 

Lbpidoptkra. —The second paper by Maud J. Norris (Mrs. 
O. W. Richards) on insect feitUity (Proc. Zool. Soc. London, 1933, 
903-34) deals with experiments on the factors influencing fertiUty 
in EpheMia kuhnidla Z. Her previous paper (loc. cit., 1932, 595-611) 
was concerning the morphology and function of this moth’s repro¬ 
ductive organs In her third paper (loc. cit., 1934, 333-60) experi¬ 
ments made to determine the importance of nutrition in the lives 
of the adult moths are described. For example, the fecundity, as 
measured by the number of eggs laid, and the longevity of E. cauidla 
Wlk. and E. dutdla Hb. are about halved if they are deprived of 
drinking water, but E. kUhnieUa Z. is only slightly affected by it. 
Similarly, sugar-feeding further increased the longevity in two 
species but did not increase the fecundity any longer than water. 
A valuable part of the paper is the discussion in which the literature 
concerning the feeding habits and requirements of adult Lepidoptera 
and also insects in general is reviewed. It is shown that whereas a 
sugar diet sufiices to maintain life, most adult insects need proteins 
of some kind for the normal requirements of their genital products 
and in many insects oviposition is entirely conditional upon the 
taking of such food. The adult Heteroneura have lost the need for 
nitrogenous foodstuffs owing to a series of modifications by which 
their requirements have come to be met by the food stored in the 
fat-body. The author has drawn up a table showing the probable 
evolutionary trends which have resulted in the reduction of mouth- 
parts and the state in which no food at all is taken. 

H. R. Hewer has followed his description of the genitalia in 
Zygcena (Proc. Zool. Soc. London, 1932, 33-75) by a paper on the 
mechanism of copulation and the passage of the sperm in the female 
(loc. cit., 1934, 513-27). There appears to be no likelihood of any 
form of mechanical inability to copulate among closely related 
species in this genus ; but in the last stage of the life of the sperm 
there is the possibility of incompatibility between the sperm and 
the secretion of the glandular part of the reoeptaculum seminalis. 

Observations on the natural control of the cabbage caterpillars 
(Pieria spp.), their biology and the interrelationships of the parasites 
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have led J. E. Moss (J. Anvnuxl Ecology^ 2, 1933, 210-31) to the 
view that the introduction of the insect enemies of P. rapcB into 
New Zealand ought to be of real benefit in checking the ravages of 
this recently imported pest. 

The attraction of some South American moths to light, human 
perspiration and damp sand has been compared by C. L. Oollenette 
{Entomologist, 67, 1934, 81-4). 

Hemiptera. —V. B. Wigglesworth and J. D. GUlett {J, Exp, 
Biol,, 11, 1934, 120-39) have shown tliat the olfactory and thermal 
senses used by Rhodnius in reaching its host reside chiefly in the 
antennae which also perceive air currents and contact. Vision and 
vibration seem to be accessory factors. One of the authors’ con¬ 
clusions was based on false premises, but this conclusion has been 
later.confirmed by further experiments (loc. cit., 11, 1934, 408). 

C. 0. Johnson [Trans. Soc. Brit, Ent., 1, 1934, 1-32) has described 
the structure of the egg and the sub-opercular yolk-plug, the swelling 
of the egg and the hatching of Noiostira erratica L. (Capsidae). 

The last and posthumous report of 1. Kuwana concerning 
Japanese Diaspine Coocidae has appeared {Min, Agric, and Forestry, 
Japan, Sci. Bull. 3, 1933, 51 pp.). It contains the seventh of the 
series of his studies, a key to the genera of Diaspina) in Japan, and 
an index to the species recorded in the whole series of papers. 

After investigating tlie density of population and sterility of the 
females in the Coccid Lepidosaphes ulrm L., E. Smirnov and W. 
Polejoeff {J, Animal Ecology, 3, 1934, 29-40) have come to the 
conclusion that density of population may be considered as a factor 
regulating an excessive reproduction. A struggle for space and food 
is the probable cause of sterility under conditions of dense population. 

A detailed study of the external anatomy of the red date scale 
Phcsnicococctis markUti Cockerell and its allies has been made by 
F. S. Stiokney {U,S, Dept. Agric., Tech. Bull. 404, 1934, 162 pp.). 

Hymekofteba.—G. E. J. Nixon {Ent. Mo. Mag., 70, 1934, 
87-9) has recorded the successful adoption of an orphaned brood of 
Vespa vtUgaris L. by a queen of V, germanica. 

B. B. Fulton (Ann, Ent, Soc, America, 26, 1933, 536-53) describes 
the remarkable manner in whioli the eggs of the Chalcid Habrocytus 
cereakMa Ashmead, a parasite of the Angoumois moth, are deposited. 
The width of the egg at its greatest diameter is at least twelve times 
the internal diameter of the ovipositor through which it passes with¬ 
out causing any appreciable swelling. The egg passes through the 
ovipositor like sand through an hour-glass, one end emerging below 
before the remainder has left the body. 

In a paper describing IJihe effects of refrigeration on the biology 
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of Trichogramma by J. C. Schread and P. Garman (J. Nm York 
Ent. Soc., 42, 1934, 263-84), it is interesting to read that wing 
deformity, which may be taken to indicate a general weakening of 
the individuals, is directly proportional to the length of refrigeration. 
In addition, in the males it is greatly in excess of that of the females 
in both species studied. H. O. Lund, in a study of the temperature 
and humidity relations of two races of Tnehogramma minidum 
Riley (Ann. Ent. Soc. America, 27, 1934, 324-40) has succeeded in 
demonstrating under laboratory conditions a differential effect of 
physical factors upon host and parasite. This is a phenomenon 
that must be important in nature. The factors producing death of 
the parasites are not necessarily identical with those killing the 
host eggs, since the mortality of the parasitised eggs is much more 
variable with temperature and humidity than that of unparasitised 

The natural development of a colony of Aphelimia mali has been 
studied by W. R. Thompson (Parasitology, 26, 1934, 449-63). It 
was found that the actual percentage of parasitism was a good deal 
higher than the theoretical one. This suggested that the parasites 
had some tendency to avoid ovipositing in parasitised hosts. Salt 
(Proc. Boy. Soc., B, 114, 1934, 465-76) had previously shown this 
to be the case in Trichogramma. 

Among other papers on parasites the following may be men¬ 
tioned : one on the biology of Ana^us atomus (L.) Hal., a Mymarid 
parasite of the eggs of the leaf hopper, Erythroneura pallidifrona 
Edwards, by Elsie I. MacGill (Parasitology, 26, 1934, 67-63); one 
on some Hymonopterous and a Dipterous parasite of Psyllid®, by 
K. B. Lai (loc. cit., 26, 1934, 326-34); another on the larval 
anatomy of certain larval parasites, both Hyraenopterous and 
Dipterous, of Cydta pomonella L., by H. T. Rosenberg (BuU. Ent. 
Res., 25, 1934, 201-66); and another dealing with the Chalcid 
Pirene grfiminea Hal. and the Scelionids Inostemma boscii Tur. and 
Sactogaster piai EOrst. by H. Kutter (MiUeil. d. Schiveizer Ent. Oes., 
16, 1934, 1-81). The Serphoid and Chalcidoid parasites of the 
Hessian Fly are the subject of a publication by A. B. Gahan ( U.S. 
Dept. Agric., Misc. Pub. 174, 1933, 147 pp.). Two lists of parasites 
of Lepidoptera have been published recently, one by C. Morley 
(Trans. Boy. Ent. Soc. London, 81, 1933, 133-83), the other by 
J. V. Schaffner and C. L. Griswold (U.S. Dept. Agric., Misc. Pub. 188, 
1934, 160 pp.). The former deals with British Lepidoptera, the 
latter with Macrolepidoptera reared from field collecting in the 
north-eastern part of the U.S.A. 

Diptbba. —B. De Meillon (Publ. South African Instit. Medic. 
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Rea., 6, 1934, 196-248) in a study of Anopheles funestus and A. 
gambke has shown that the severity and distribution of malaria in 
the Transvaal is dependent on that of the insect vector and further 
the distribution of the insect is a function of the climate. A. funeatva 
breeds in permanent streams whereas A. gambice prefers small pools 
of a temporary nature. The former therefore has a stable popula¬ 
tion and this is reflected by the intensity of malaria in regions 
where this species predominates and also by the absence of epidemics. 
This species shows a seasonal fluctuation which is entirely dependent 
on temperature. The latter species, A. gambice, on the other hand, 
shows in addition intra-seasonal fluctuations and is associated with 
epidemic malaria. 

The biology of the black fly Simvlium armatum Mg. has been in¬ 
vestigated by J. Smart (Proc. R. Phys. Soc. Edinb.,22, 1934,217-38) 
and includes a description of an apparatus successfully used for 
rearing Simvliids from eggs to adult. Work on the embryology of 
Simvlium by Mrs. F. L. Gambrell has shown that it is similar to 
that of Chironomus (Ann. Ent. Soc. America, 26, 1933, 641-71), 
Differences include the facts that the embryonic membranes form 
more rapidly in Simvlium and the embryo makes but one rotation. 
This is the first embryological study on Simvlium since 1866. The 
origin of the peritrophic membrane is also mentioned. 

The origin of this membrane has also been studied by F. H. Butt 
(Psyche, 41, 1934, 61-6) in Sciara and the honey bee. In Sciara 
this membrane appears to l>o a continuation of the stomodseal 
membrane and is ectodermal in structure. It arises from a group 
of large secretory cells lying around the oesophageal valve and 
attached to the upi»er edge of the mid-intestine. 

V. C. Robinson (Parasitology, 25, 1933, 286-95) has shown that 
the metamorphosis of Sciara puUvla Winn, is delayed by the 
parasitism of a nematode, Aproctonema eniomophagum Keilin, 1917. 
The consequence of this is that at least two generations of nematodes 
may be found in one host. 

The structure, biology and systematic position of Pantophthalmus 
tabaninus have been studied by W. H. Thorpe (Trans. Roy. Ent. 
Soc. London, 82, 1934, 6-22). This fly is one of the largest Diptera 
known and among the largest living insects. The larva feeds mainly 
on fermenting sap which accumulates in its burrows, and only a 
small proportion of the wood itself seems to be ingested. It is 
unique among the known Brachycera in the absence of true 
mandibles, the maxillse being enormously developed. It also has 
tracheal gills. 

A. E. Oameron (Trans. Roy Soc. Edinburgh, 68, 1934, 211-60) 
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has worked out the life history and structure of Hcematopota pluvMi$ 
L. This is the first European Tabanid and the first species of this 
genus the life history of which has been traced from egg to adult. 
The flies are shown to have the habit of intermittent blood-feeding 
and periodic oviposition. This of course provides the opportunity 
for the development of parasitic micro-organisms in the intemail 
organs of the fly and so biological transmission from an infested to 
healthy host becomes possible. Trypanosoma theileri of cattle has 
already been associated with a crithidial flagellate in the hind-gut 
of the cleg. 

Mention is made of the successful use of dried silkworm pupss 
as an attractant in traps for catching Hylemyia ciltcrura Rondani 
in a study of this fly by C. Harukawa, R. Takato and 8. Kurnashiro 
{Ber. Ohara Instituts f. La/ndvnrts. Forsch. in Kuraachiki, 5, 1933, 
467-78). 

G. 8. Graham-8mith has followed his detailed description of the 
structure and function of the proboscis in Calliphora erytkrocephaia 
{Parasitology, 22, 1930, 47-115) by a paper which deals with the 
musculature of the alimentary canal firom the pharynx onwards, 
and the structure and function of the proventriculus, Malpighian 
ducts, rectal valves and rectal papillee (loc. cit., 26, 1934, 176-248). 

W. R. Thompson {Parasitology, 26, 1934, 378-448) has given a 
comprehensive account of the larval morphology and biology of the 
Tachinid parasites of woodlice. 8even such parasites have been 
reared and identified as well as two undetermined species. Porcellio 
scaber L., Ontscns aaeUua L., Metaponorthus pruinosua Brandt, and 
ArmadilluHum vulgare Lat. were found to be attacked by one or 
more of the parasites. 

Further observations, including studies of the tropisms, on the 
biology of the pigeon fly Pseudolynohia maura Bagot, have been 
made by Margaret J. ftouty and G. R. Coatney {Parasitology, 
26, 1934, 249-58). 

Othbe Orders —The oogenesis of caddis flies has received little 
attention in the past. Recently R. A. R. Gresson {Proc. Roy. Soc. 
Edinburgh, 53, 1933, 322-46) has studied this process in Stenophylax 
siellaius Curt. His findings concerning the growth and history of 
the ovarian elements agree fairly closely with Marshall’s previous 
work (1907) on PkUyphylax designatus. 

Usually in Ephemerid nymphs where the gills move rapidly in 
metachronal rhythm, both members of each pair of gills beat 
together and their movements are co-phasedly synchronized. Thus 
there is an axial flow in the surrounding medium. L. E. S. Eastham 
{Proc. Roy. Soc., B, 116, 1634, 30-48) desonbes an oxoeption to 
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this role in Ccenia koraria. In this insect the currents pass over 
the body from one side to the other. The gills beat in metachronal 
rhythm down each side of the body, but though the rhythms are 
synchronous there is a time phase difference between them. 

J. W. Evans (J. Counc. Sci. and Ind. Res. (Australia), 7, 1934, 
61-9) has kept daily records of the thrips present in roses for two 
consecutive years. The accumulated data shows the close coiv 
relation between the autumn and spring thrips populations, and 
demonstrates how the increase and decrease of the population is 
directly dependent upon meteorological conditions. In this paper 
also it is shown how the incidence and amount of rainfall affects the 
population. In a previous paper (loo. oit., 6, 1933, 146-69) the 
same author put forward the following hypothesis. That the 
number of individuals in the first spring generation determined the 
possibilities of a subsequent infestation and that the numbers 
present in this spring generation were dependent especially on the 
meteorological conditions of the previous four months. The data 
now brought forward does much to substantiate this hypothesis. 

A complete account by J. Davidson of the Lucerne Flea, Smyn- 
thurus viridis L., in Australia and its reaction to different environ¬ 
ments has now appeared {Counc.. Sci. ‘and Ind. Res. (Australia), 
Bull. 79, 1034, 06 pp.). W. M. Davies has started publishing a list 
of the Collembola of North Wales. The first contribution {N. W. 
Naturalist, 9, 1934, 116-24) deals with the soil fauna of the mountain 
zone. Thirty distinct species are noted, six of which are new to 
the British list. 

The development and homologies of the mouth-parts of the head 
louse have been re-investigated by W. Fernando (Q.J.M.8., 76, 
1933, 231-41). This work shows that Cholodkovsky’s interpreta¬ 
tions of the homologies in the mouth-parts of Pedicvlus are incorrect, 
and it is in general agreement with Enderlein’s views on the subject. 

ARCHUEOLOGY. By E. N. Fau^aizb, B.A. 

The Mbsouthio Aob. —Indications ore not wanting that the 
increased attention which has been given recently by archsaologists 
to the relations, typological and distributional, of the cultures of 
the Middle and early New Stone Ages may be expected to bear fruit 
in a more precise understanding of their arrangement and classifica¬ 
tion in chronological and developmental succession. Two recent 
contributions to the archesology of the British Isles, one in England 
and the other in Ireland, represent an important advance in this 
direotion, while, in additicm, the latter, if certain tentative con¬ 
clusions arc confirmed by subsequent investigation, may serve to 
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throw light upon continental problems in the period of pre- and 
early-neolithic cultures by providing evidence in stratigraphy which 
is at present lacking. It is also interesting to note that in the 
English find of a mesolithic site at Broxboume conclusions from 
typological evidence are fully corroborated by the results of inde¬ 
pendent pollen analysis, thus affording a substantial endorsement 
of the application to conditions in Britain of the results of the 
poUen analyses from north-central Europe which have been employed 
as a chronological standard. « 

The study of mesolithic cultures was given a fresh orientation 
by the publication in 1931 of an important paper by Professor V. 
Grordon Childe on the mesolithic Forest Cultures in the Journal of the 
Royal Anthropological Institute, vol. LXI, of which the implications 
as affecting Great Britain were brought out by Dr. J. G. D. Clark in 
The Mesolithic Age in Britain (1932). Dr. Clark showed that the 
distinctive mesolithic culture of south-east England was to be 
regarded as an extension of Professor Childe’s Forest Cultures. A 
connection between the cultures of the Baltic and Britain had 
already been indicated by the discovery of harpoons of the Kunda 
type at Skipsea and Hornsea in Holderness and this is supported, 
as is now recognised, by the discovery of other harpoons of the 
same cycle. 

Now Professor Childe has shown, in the paper to which reference 
has been made, that throughout Boreal time, and possibly extending 
back to pre-Boreal time, a generalised culture, equipped with a 
“ heavy industry,” of which Maglemose, Sjaelland and Duvensee, 
near Lubeck, are to be regarded as special variations, extended 
probably from England to Finland. This tradition, he points out, 
persisted without break throughout Atlsjitio times, the kitohen- 
midden culture being a specialised variant adapted to a special 
form of food-supply, and, he goes on, “ provided indeed in sub- 
Boreal time the background for the Neolithic cord-impressed pottery 
culture of the region.” 

For convenience of comparison Dr. Clark divides the span of 
this tradition into three stages, corresponding roughly to the 
climatic periods distinguished by pollen analysis. These are:— 

Period A, correlating with the Boreal climatic period; 

Period B, correlating with the greater part of the Atlantic 
climatic period; and 

Period C, overlapping with the last phase of the Atlantic and 
the beginning of the sub-Boreal climatic period. 

Culturally Period A includes Duvensee, Maglemose and probably 
Kunda; B correlates with the kitchen-middens of the lattorina 
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coasts; and C with the neolithic of the round-based pots, orna¬ 
mented with cord impressions, comb marks and pits, with which 
Childe has related the “ Peterborough ” culture of Britain, as a 
westward extension of cord-impressed pottery cultures extending 
from the Baltic to the Black Sea. This in Britain, then, is Pmod C 
of the Forest Cultures ; but of Period B there is no evidence, so far 
as connection with the Baltic area is concerned : its place is taken 
by what is to be regarded as a local development of Period A culture. 
This is represented by the Lower Halstow culture—assigned by 
Erdtman to the Atlantic climatic period—and other apparently 
related cultures in Sussex, such as Peacehaven, West Heath, etc., 
oven though these show evidence of other contacts. For Period A 
there are sites such as, probably, Kelling and Thatcham; but 
Kelling is an open air site, while Thatcham was discovered before 
the technique of pollen analysis had been developed. The discovery 
of a sealed deposit of mesolithic age at Broxbourne is, therefore, of 
the first importance. It becomes the type site in Britain for the 
Forest Culture of Period A. 

Bboxbouknb. —The site of the discovery is known as Bikof’s 
Pit. It lies on the Lea marshes a few hundred yards to the east 
of Broxbourne railway station. The mesolithic implements were 
brought to the attention of Mr. Hazzledine Warren, who, however, 
did not see any in situ until May, 1932, when he discovered a small 
undisturbed fioor, of which the principal area was not more than 
16 ft. m diameter, while 10 to 16 ft. outside that area the industry 
disappeared. The floor was of leached sand, overlying gravel, and 
was itself overlain by peat. The underlying deposits ^long to the 
Tundra stage that may be correlated with the Magdalenian epoch, 
while the overlying peat belongs to the Boreal Forest stage. Not 
only was the deposit undisturbed but the peat had protected it 
from later additions. The industry may, therefore, be regarded as 
being a sealed deposit. Mr. Hazzledine Warren describes the site 
and its geological conditions in Joum. R. Anthrop. Inst., vol. LXIV 
(1934), and his account is folloAved by a description of the industry 
and a discussion of its afiinities by Dr. J. G. D. Clark. Typologioedly, 
Dr. Clark regards the implements as of first-rate significance, and 
the site as one of the key mesolithic sites of Britain. The most 
numerous objects were flint flakes showing no sign of secondary 
work or use. They represent the result of knapping and indicate 
that the work was done on the spot. Some of the flints showed 
the effect of fire. There were a number of different forms of micro- 
liths, but the most numerous were the micro-burin, a by-product 
of the manufacture of mioroliths. Two chipped flint axes were of 
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special importance. They are tme core axes and one of them U 
comparable with the best of the Duvensee axes. 

In a separate communication Dr. H. and Mrs. M. E. Godden 
report on a pollen analysis of material from the site and as a result 
assign the industry to Boreal time. Recent pollen investigation of 
the Skipsea peat and the “ moorlog " associated with the North 
Sea harpoon, also dates the harpoons and, therefore, the Forest A 
culture of Britain to Boreal time. Broxbourne is thus the first 
complete industry of this tradition in Britain assignable to the 
Boreal period on the evidence of pollen analysis. The continental 
sites with which Broxbourne is most closely to be compared are 
Sv8Prdborg, Mullerup, Holmgaard in Sjsellard, and Duvensee near 
Lubeck, all of which have been dated on botanical evidence to the 
Boreal climatic period. 

Prk-Oampionian and Campignian in North-East Irbland. 
—Over thirty years ago the late W. J. Knowles, the well-known 
Irish archaiologist and collector of Stone Age implements, pointed 
out the remarkable and somewhat anomalous character of certain 
of the early types of neolithic implements in northern Ireland ; 
and Mr. C. Blake Whelan, who has given intense and extended study 
to the Stone Age industnes of this area, has pointed to the possibility 
that as a peripheral area this part of Ireland may have afforded 
favourable opportunity for the survival of archaic t3rpes. Now, 
still having this peripheral character in mind, ho has turned his 
attention to the question of “ pre-Campignian ” industries, and 
proposes to study intensively a number of sites on which, he is of 
the opinion, it will be possible to obtain evidence that, in the light 
of comparative study, may offer a solution of the problem of the 
affinities of the cultures which lead up to the Campignian industry 
and have provided Continental archaeologists with some of the more 
obscure of their problems in later Stone Age affinities. Their 
difficulties arise, he has pointed out, from a lack of stratigraphic 
evidence which, he holds, Ireland may be able to supply. 

In a study of the Campignian industry in north-east Irelaad 
recently presented to the Royal Irish Academy {Proceedmg$, 
vol. XLII, Section C, No. 7), Mr. Whelan points out that there ore 
in Ulster a number of parallel culture groups, pbylogeneticalty 
distinct, developing in isolation, and interacting only in their 
latest stages. What is termed by Mr. Whelan “pre-Bann” is 
iwovisionally ^signed to the late mesolithic in Ireland from its 
apparent association with a peat of Boreal-Atlantic age. From the 
bed of the lower Bann comes a series of miorolithio retouched 
blades of evolved Creswellian facies, while the industry erf the 
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neighbouring aabmeiged peat (Lough Neagh) appears to represent 
a forest culture of debased Upper Paheolithio trapditkm, as jet 
uninfluenced by Gampignian immigration. Upon this early cultme 
the great river ford civilisation of the Bann, with its admirable 
lithic industry and Scandinavian affinities, evidently followed. It 
cannot be older than the late Littorina climatic phase, during 
which the coastal raised beaches were laid down. The ultimate 
appearance of Gampignian types in the Lower Bann, in company 
with tanged points for fishing forks and certain great stone axes, 
hitherto unpublished, suggest that the river ford fishing folk laid 
under contribution the Gampignian culture of the coastal uplands ; 
but this point is reserved for fuUer investigation later, in co-operation 
with the Archaeological Expedition to Ireland of Harvard University. 

In the meantime Mr. Whelan, here also assisted by members 
of the Expedition, has been engaged in the examination of a 
Gampignian Stone Age site at Ballynagard, Rathlin Island, Go. 
Antrim. The lithic material consists of both flint and a bluish fine¬ 
grained rock. In general terms the implements conform closely to 
Gampi^y in type and workmanship, while the pottery has been 
pronounced to be “ Windmill Hill,” thus bringing the site within 
the western European cultural complex. A second example of 
pottery from a ploughed area near one end of the sounding trench 
is pronounced to be ” Peterborough.” It would thus appear that 
Mr. Whelan has established his upland Gampignian culture as the 
terminus ad quern to which further chronological and cultural 
research is to be directed. 

The Stone Ages of North Africa. —In reporting on the 
examination of the Abri Alain, near Oran, Algeria, M. Paul Pallary 
discusses the sequence of Stone Age cultures in North Africa {Arch, 
de VInslitut de PaUoniologie humaine, Mhn. 12). His views may 
be compared with those of M. R. Vaufrey (see Soisnob Progress, 
XXIX, 188-7). The site upon which the author has spent several 
seasons, and of which the excavation is not yet complete, had Imtg 
been known as one of a number of shelters situat^ in ravines in 
the neighbourlMKjd of Oran which had once been the abode of man. 
Microliths were discovered here by the author in 1008 and the 
shelter was photographed in 1907. Subsequently, however, it was 
destroyed by quarrying, but in 1927 an examination of the site 
was begun at the suggestion of M. Boule. Fortunately the author 
discovered a part of the original floor, which had not been disturbed 
and allowed a view of the original stratification of the deposits. 
This has afforded a key to interpreting the material found on the 
disturbed portions of the site. Of the four strata of deposits, the 
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two lower are of a yellow earth, while the two upper are black and 
chocolate-brown respectively. The last-named is sealed with a 
calcareous deposit. The black, or second from the top, appears 
from the description to contain broken shells in such abundance as 
almost to resemble a shell-heap. In the microlithic industry which 
is characteristic of the site, little difference is to be observed between 
the yellow and the black strata of deposit. 

In his discussion of the succession of palaeolithic cultures in 
North Africa, M. Pallary agrees with the generally accepted view 
that the most ancient is the industry characterised by the great 
cotaps de poing of limestone, such as that found at Palikao, acsooiated 
with the larger mammalia, to which must now be added the cave 
lion, recently discovered by the author. This was followed by an 
Aoheulean fully comparable to that of Europe ; but the Aterian of 
Reygasse is not accepted as a separate industry to be distinguished 
from the Mousterian. Nor is the true Solutrean, as claimed by 
Reygasse, admitted. The industries following on the Mousterian 
are held to be the Getulian, extending from Mousterian to neolithic 
in the east and the Ibero-Maurusian in the west. In preferring the 
title Getulian to Capsian for the eastern industry, the author claims 
priority over de Morgan by whom the Capsian was so named, as well 
as greater conformity to scientific practice. The Ibero-Maurusian 
industry of the west, it is maintained, is to be clearly distinguished 
from the Getulian. Its principal sites are la Mouillah, Taza and 
Oran, though there are many others. But the point on which the 
author considers he is furthest removed from his archaeological 
colleagues is in distinguishing a berbiresque industry, differentiated 
by pedunculate implements, which he considers to be neolithic, but 
which his colleagues regard as Mousterian. He bases this view on 
the fact that the pedunculate implement is never found in the lower 
levels of the caves, but only on the surface of the shell-heaps. In 
this view, he holds, he is confirmed by his recent investigations at 
the Abri Alain. 

AROH.fflOLOQY IN THE Nbae East ; Laohish. —Among the 
reports on excavations in the Near amd Middle East during the 
past season which have appeared in any detail. Tell Buweir (Lachish) 
has provided what is, perhaps, the most sensational find in the ewer 
with a painted inscription in a script which has still to be deciphered. 
Epigraphists, while differing in their readings, are as one in regarding 
it as of the first importance. The Wellcome Research Expedition 
has now completed two seasons’ work on this site and at the time of 
writing is entering upon a third. 

Judging by the results which have been obtained to date the 
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site promises to be of great interest and importance for the pre¬ 
history of Palestine. In the early Metal Age the settlement was a 
centre of economic life of a size as yet unparalleled in the Shephelah. 
The Early Copper Age site, it has now been established, covers no 
less than 150 acres and includes the remains of a large dolmen. 
On a limestone ridge across the western valley flanking the side of 
the Tell, habitation caves of the early Bronze Age have been found. 
Some of them had been artiflcially enlarged. Many were used 
subsequently as burial-places. A gold bead found here is unique 
for this early period (pre- and early-dynastic of Egypt). Below on 
the side of the ridge was a cemetery, representing a later stage of 
the same culture. The normal tyiie of tomb is an oval chamber 
approached by a narrow shaft. The burial was tightly contracted, 
and the dead were equipped with dagger or dart, a tall ovoid water 
jar, a squat two-handled food-vessel, and sometimes an open bowl. 
This cemetery equates with the Middle Old Kingdom in Egypt. 

A remarkable find was a temple or sanctuary outside the city 
wall, which had been destroyed by fire not later than 1262 B.o. 
The date of its foundation has not yet been ascertained. It gives 
a remarkably complete view of the character of this type of place 
of worship and of the character of the ritual such as had not 
previously been attainable. Among the large number of objects 
of various kinds obtained here were a number of carved ivories, 
much calcined by fire, but preserving their artistic character and 
quality intact. The carvings were reminiscent of Tell el Amama, 
and one of the objects, a perfume container, is figured in an Egyptian 
relief; but the art nevertheless is not Egyptian. It has been 
suggested that the carvings are the product of a localised school of 
art, of which a much later phase is, perhaps, to be seen in the ivory 
carvings of Samaria of the time of Ahab. A preliminary report by 
Mr. J. L. Starkey, the field director, has been published by the 
Palestine Exploration Fund, and brief reports appear in Man for 
July and Discovery for August. 



NOTES 

Soil Microbiology in the U.S.SJR. (H. N.) 

This is the title of a paper-covered volume of 166 octavo pages 
published as the Soviet Section of the Trane Third Comm. Int. 
Soc. Soil Sci. Although dat^d 1933, the volume was not received 
at Rothamsted until October 1934. Six papers are comprised in 
the volume; of these, “Soil Microbiology in the U.S.S.R. (1917- 
1932),” by Professor E. E. Uspensky (Moscow); “ Microbiological 
Evaluation of the Soil’s requirement in Fertilizers,” by Uspensky 
and A. P. Kriutchkova; and a review of work on root nodule 
bacteria at the Institute of Agricultural Microbiology, Leningrad, 
by M. P. Korsakova, are of most general interest. The first-men¬ 
tioned, and longest, paper, is indeed challenging ; it contains matter 
of considerable interest to scientists in many fields of work, and 
represents a substantial contribution to our knowledge of bacterial 
processes. Though written historically, Uspensky’s paper accords 
prominence to very recent work concerning which little has been 
heard of outside Russia. A list of 337 papers, nearly all in Russian 
(translated titles are given), is appended, and few of these are older 
than 1925. 

The isolation of Soviet science has resulted in independent 
work of which two examples, based upon this volume, follow. 
S. Winogradsky’s discovery, in France, of the production of am¬ 
monia by the aerobic, free-living, nitrogen-fixing bacterium Azoto- 
bacter, was anticipated by several years by S. P. Kostychev et al., 
working in Russia. H. G. Thornton and P. H. H. Gray at Rotham¬ 
sted, and S. A. Korolev in Russia, independently and apparently 
simultaneously devised ratio methods for estimating the total 
numbers of bacteria in soil; the Rothamsted workers mixed indigo 
particles, and Korolev, yeast, with the soil, to avoid the almost 
insuperable difficulties presented by attempts to measure the weight 
or volume of the microscopic mass of soil examined. Both tech¬ 
niques are analogous to Almroth Wright’s well-known clinical method 
of counting bacteria in presence of haemocytes. 

Russia appears to be the only country in which the “ direct ” 
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(miorosoopic) method of estimating numbers of soil bacteria is 
normally used. The Russian technique may not always be Koro¬ 
lev's, and is possibly the more arbitrary one of T. N. Germanov, 
but it is noteworthy that Russian investigators correctly report 
bacterial numbers in soil in miliiards and not in the millions recorded 
by workers with the plating method almost exclusively employed 
hitherto outside Russia. The only description of Germanov’s method 
available to the writer is unintelligible, owing, probably, to the 
omission of an essential detail, while Korolev’s method is given 
only in an obscure journal, not complete in any British library. 

Prooesses of soil decomposition of paraffins and ring hydro¬ 
carbons are being actively studied by Russian workers headed by 
V. O. Tausson, and some advances have been made. It has been 
indicated that micro-organisms can oxidise polymethylenes and 
condensed ring compounds such as anthracene. Oxidations in soil 
do not always take coiu'ses familiar to chemical students; thus, 
naphthalene does not give rise to phthalic acid or naphthol. 

The practical bearing of present work is emphasised by Professor 
Uspensky, who makes some amusingly cutting remarks about pre- 
Revolutionary studies of nitrification. Recent studies of associa¬ 
tions of Azotobacter with higher plants have shown that there is an 
apparent symbiosis of plant and bacteria in tobacco, but a connection 
is less evident in growing mustard. Existence of root secretions is 
postulated to account for this type of association, and also for the 
action of bacteria in reducing nitrates to nitrite in the neighbour¬ 
hood of roots. Regarding the puzzling questions of denitrification 
in soil, new views have emerged, which, while not clearing up the 
problem, represent a real contribution to its understanding. 

Some peculiar oases of non-response to ordinary fenrtilizers have 
been investigated by S. I. Kusnetzov. A soil rich in chalk and in 
total P, but poor in total N, gave little or no increase of cotton 
unless “ potash ” saltpetre was used: application of ammonium 
sulphate or urea had the effect of decreasing the available P (T. N. 
Germanov). Kusnetzov also established in Central Asia some 
striking relationships between irrigation rates and mineral-nitrogen 
dynamics. 

A branch of work almost unknown outside Russia is the cor¬ 
relation of pedology and microbiology ; bacterial tests have been 
devised for determining soil type. A more familiar application of 
microbiological analysis—to determine a soil’s requirement in ferti¬ 
lizers by the aid of Azotohocfer—has been highly developed in 
methods specified in the second paper. 

Korsakova’s work on legummons plants is essentiaHy a valuable 
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confirmation of what is already, though not sufficiently widely, 
known. Her statement of the reasons for the failure of se^ 
“ inoculation ” to benefit plants grown on rich soil is clearly put. 
Such knowledge as is now possessed by Russian and British workers 
could undoubtedly be used to help growers of legumes in parts of 
the Empire where perplexities have arisen. Some of the apparent 
anomalies of behaviour of legumes could be avoided, were available 
information to be applied. 

Antimony as a Poison (M. S.) 

Up to recent years the physiological effects of antimony com¬ 
pounds attracted little attention, the only outstanding fact being 
the emetic property of potassium antimonyl tartrate, commonly 
known as tartar emetic. In 1925 a Ministry of Health report made 
reference to the use of antimony oxide in place of the more expensive 
tin oxide as an opacifying agent in the preparation of enamels for 
cooking utensils, and to possibilities of toxic effects. That the fears 
expressed in this report were far from groundless has been proved 
by a remarkable series of outbreaks of illness since that date. At 
Newc6u«tle in 1928 no less than 56 employees of a local firm suffered 
from violent sickness after drinking lemonade prepared from a 
powder containing 18 per cent, tartaric acid, the lemonade having 
been stored in white enamelled buckets. The enamel on these 
vessels contained 3 per cent, antimony oxide and by interaction 
of this with the tartaric acid there was formed a solution of tartar 
emetic of a concentration 60 per cent, higher than the medicinal 
dose for emetic purposes. At Folkestone in 1929 the danger was 
again in evidence, the enamelled jugs on this occasion being guaran¬ 
teed to be “ perfectly safe in use and free from any injurious sub¬ 
stances.” Yet more recently cases of antimony poisoning occurred 
in a London hospital, citric acid present in fresh lemons being the 
solvent in this case. 

At first the obvious remedy appears to be to prohibit the use 
of antimony compounds in enamels, although this would handicap 
industry. Yet the problem is more complex than it appears, as 
is shown by a recent Report of the Ministry of Health {Aniinumy 
in Enamelled HoUow-ware, H.M. Stationery Office, 1934, 4d. net), 
in which Dr. Monier-Williams of the Ministry’s Chemical staff has 
reviewed the whole subject of toxicity of antimony compounds. 
The first important point is that antimony, imlilrft its chemical 
neighbour arsenic, does not exhibit poisonous properties in all its 
compounds. For example, potassium pyroantimonate, a reagent 
well known in chemical laboratories for detecting sodium com- 
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pounds, has been administered to animals without ill effects ; tartar 
emetic on the other hand has proved fatal when administered 
regularly. Brunner in 1912 and Scheller in 1926 both arrived at 
the conclusion that the pentoxide of antimony and indeed all 
compounds in which antimony possesses a valency of five are non- 
poisonous, whereas soluble compounds of trivalent antimony cause 
S 3 rmptomB of poisoning, especially those compounds which are 
soluble in dilute acids. 

The mode of preparation of antimony enamels has an important 
bearing on the tendency of the enamel to dissolve and yield toxic 
solutions. Antimony trioxide may be added to the initial mixture 
before fusing or “ fritting ” in a furnace, the product being then 
ground, made into a suspension with water and china clay, and the 
suspension used for coating the hollow-ware before the latter passes 
to the enamelling furnace ; or the oxide may be added while grind¬ 
ing, and being thereby subjected only to the lower temperature of 
the enamelling iiimace. The latter method is usual in practice. 
Furthermore, the proportion of silica comes into the problem, for 
a low-silica enamel does not require a high temperature for “ frit¬ 
ting ” and is cheaper to produce; this form should be prohibited 
for ware which is to be used for cooking purposes A high-silica 
enamel is more resistant to the action of solvents, but it is more 
expensive to produce since a higher temperature of “ fritting ” is 
required. 

From the experimental data obtained by Dr. Monier-Williams 
and his staff, there are various recommendations which could be 
msMle for safety purposes. There is the drastic step mentioned 
above, which would prohibit the use of all enamels containing 
antimony for manufacturing kitchen utensils, and specifying enamels 
containing tin oxide at four times the price. In support of this 
step is the contention of certain workers in physiology, that traces 
of antimony compounds are always adsorbed no matter what type 
of antimony derivative was used in preparing the enamel. A second 
possibility is to specify the use of compounds of pentavalent anti¬ 
mony, or even to limit these to the compound sodium metantimonate 
which appears to yield the most resistant enamels. This Umitation 
would be useless without some proof that reduction of the antimony 
compoimd will not occur in the fritting furnace, and without some 
official solubility test comparable to the tests in use for lead glazes 
(Germany has already proposed such tests for antimony). The 
third possibility, consisting in marking utensils which are safe for 
general use, would not be successful in practice with an apathetic 
public. 
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The Scottish Meeting of the International Pre~Caxnbrian 

Association (G. W. T.) 

The International Pre-Cambrian Aasociation (Riunion Inter¬ 
nationale pour I’itude du Pricambrien et des vieilles chaines de 
montagnes) waa founded by the late Professor J. J. Sederholm of 
Helsingfors. A most successful first meeting and excursion took 
place in Finland during part of July and August 1931, at which 
^derholm was elected president. It was then decided to establish 
the headquarters of the Association in Finland, and to hold triennial 
meetings and excursions, the next to take place in Scotland. A 
Scottish meeting was accordingly held between August 18 and 
September 2 of this year under the leadership of Professor E. B. 
Bailey (Glasgow), and was attended by 26 members representing 
13 nationalities. Starting from Glasgow by motor-bus the party 
carried out a fortnight’s exploration of the Highlands during which 
attention was concentrated mainly on the Dalradian formations of 
the Grampians, the permeation complexes of the Moine Series in 
Sutherland, and the overthrusts of the classic region of the north¬ 
west. A business meeting held at Lochinver on August 29 debated 
the aims and constitution of the Association. It was decided that 
its main function was to organise excursions to Pre-Cambrian 
regions, each excursion to fall within the year immediately follow¬ 
ing a meeting of the International Geological Congress, the president 
to be elected from the country in which the excursion is to be held. 
Thus the next meeting of the Association is to be held in Czecho¬ 
slovakia in 1937 under the presidency of Professor R. Kettner of 
Praha. A full report of the Scottish excursion, and an account of 
the aims and constitution of the Association will be published shortly 
in the Oeologtcal Magazine, 

Longitude Obaervationa in Jan Mayen and Continental Drift 

(G. W. T.) 

Last quarter an account of longitude observations in Greenland 
in their bearing on continental di^ was published in these Notes 
(Oct. 1934, 326). Similar observations in Jan Mayen, an island 
in N. Lat. 71° to the north of Iceland, have recently been made 
by H. ToUner (“ Astronomisohe Ortsbestimmungen auf Jan Mayen. 
Zur Frage der Kontinentverschiebungen A. Wegener’s.” Ekgeb- 
nisse der Osterreichisohen Polarjahr-Untemehmung 1932-83 auf 
Jan Mayen, I. Akad. Wise. Wien, Math.-Nat. Kl. Sitemgeber., Abt. 
IIa, Bd. 143,1934, 87-97). The longitude of a point in Jan Mayen 
was determined in 1883 by an Austrian expedition. It was re¬ 
determined by Tcdlner during the work of Austrian partioipanta in 
the International Polar Year investigations of 1932-33. 0ooi{hmO' 
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son of the figures thus obtained discloses an apparent longitudinal 
shift of 2 min. 7-19 see. in 50 years, Jan Mayen apparently being 
1,270 metres farther west in 1933 than in 1883, or 1,400 metres if 
oertain corrections are applied to the 1883 measurements. Thus the 
apparent drift of Jan Mayen is in the same direction as that of 
Greenland. On account of the uncertainties and errors inherent 
in the method of lunar culminations which was used by the astro¬ 
nomers of the 1883 expedition, Tollner concludes that his results 
cannot or should not be used as evidence in favour of Wegener’s 
hypothesis of continental drift, and he considers that the same 
objections apply to the East Greenland observations on which 
Jelstrup based his opinion in favour of the hypothesis. If Jan 
Mayen drifts westward at the rate of about 2 metres a month, as 
the above result implies, it would be possible to detect such move¬ 
ment with complete certainty by modern geodetic methods within 
a period of three months. Tollner is careful to point out that his 
results do not prove that Jan Mayen has not moved to the west; 
it is merely that it is scientifically unsound to base conclusions 
either one way or the other on observations which include measure¬ 
ments so liable to serious error as those of 1883. Nevertheless, 
on the basis of longitude determinations by Jensen at Kornok in 
Godthaabsfjord (Greenland) in 1922 and their roj)etition by Sabel 
and Jorgensen in 1927, Tollner states that an absolutely real differ¬ 
ence of longitude and therefore a real displacement of Greenland 
has been established. 

The History of Science (D. McK.) 

Following the example of the University of London, which more 
than ten years ago instituted a Department of the History of Science, 
the University of Oxford has now taken a first step towards recog¬ 
nising the importance of this subject by appointing Mr. B. T. 
Gunther, M.A., to a University Readership in the History of Science. 
Mr. Gunther delivered his Inaugural Lecture {Oxford and the History 
of Science, Oxford University Press, Humphrey Milford, 2s. net) 
in the Examination Schools on October 25, 1934, pointing out the 
immensity of his subject and its cultural value, stressing the part 
played by Oxford men in the development of science during the 
past 600 years, noting the contributions already made by members 
of the various Oxford colleges to the history of science from 
Ashmole, Bigaud and Daubeny onwards to the present day and 
urging as the essential needs ^ the proper study of the history 
of soienoe a properly equipped Science Museum and a Departmental 
Idhrary of the olassios of science. 


MM 
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iMisoellanea 

The King has approved the following awards for this year of 
the two Royal Medals by the President and Council of the Royal 
Society; A Royal Medal to Prof. S. Chapman for his researches 
in the kinetic theory of gases, in terrestrial magnetism, and in the 
phenomena of the upper atmosphere ; a Royal Medal to Prof. E. D. 
Adrian for his work on the physiology of nerve and its application 
to the problems of sensation. The following awards have also been 
made by the President and Council: The Copley Medal to Prof. 
J. S. Haldane in recognition of his discoveries in human physiology; 
the Rumford Medal to Prof. W. J. de Haas for his researches on 
the properties of bodies at low temperatures, and, in particular, for 
his recent work on cooling by the use of adiabatic demagnetisation ; 
the Davy Medal to Prof. W. N. Haworth for liis researches on the 
molecular structure of carbohydrates, the Darwin Medal to Prof. 
A. C. Seward in recognition of his work as a palaiobotanist; the 
Sylvester Medal to Earl Russell for his distmguished work on the 
foundations of mathematics ; the Hughes Medal to Prof K. M. G. 
Siegbahn in recognition of his work as a physicist and technician 
on long-wave X-rays. 

Sir Arthur Balfour, Sir William Bragg and Lord Rayleigh have 
retired from the Advisory Council to the Committee of the Privy 
Council for Scientific and Industrial Research on completion of 
their terms of office. Sir John Cadnam and Sir James Jeans have 
been appomted members of the Council. 

Prof. W. W. Watts, F.R.S., has been elected president of the 
British Association for the year 1935. 

Prof. A. J. Clark of the University of Edinburgh and Prof. 

J. C. C. Ledingham, director of the Lister Institute, have been 
appointed to be members of the Medical Research Council in suc¬ 
cession to Sir Charles Sherrington and Dr. A. J. Arkwright. 

We have noted with great regret the announcements of the 
death of the following well-known men of science during the past 
quarter : Sir John Adams, until 1922 principal of London Day 
TV^ing College; Mr. H. A. Allen, geologist; Prof. S. Ram6n y 
Cajal, For. Mem. R.S., professor of histology in the University of 
Madrid ; Mr. C. Carus-Wilson of “ singing-sands ” fame ; Prof. 
W. C. Clinton, professor of electrical engineering at University 
College, London; Prof. B. J. Collingwood, O.B.E., professor of 
physiology in the University of London; Sir Edgeworth David, 

K. B.E., F.R.S., emeritus professor of geology in the University of 
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G^pdney; Prof. G. Dreyer, C.B.E., F.R.S., profeasor of pathology 
in the University of Oxford ; Prof. A. Femau, director of the Insti¬ 
tute of Radium Technology, Vienna ; Mr. H. Glauert, F.R.S., mathe¬ 
matician ; Prof. J. G. Gray, professor of applied physics in the 
University of Glasgow ; Prof. W. M. Hicks, F.R.S., formerly pro¬ 
fessor of physics in the University of Sheffield ; Dr. B. Laufer of 
Chicago, anthropologist; Prof. D. A. Murray, emeritus professor 
of mathematics in McGill University; Sir Thomas Muir, C.M.G., 
F.R.S., mathematician ; Prof. W. McF. Orr, of University College, 
Dublin, mathematician; l*rof. M. S. Pembrey, F.R.S., lately 
professor of physiology at Guy’s Hospital; Sir Arthur Schuster, 
F.R.S., physicist. 

The next meeting of the General Assembly of the International 
Astronomical Union will take plaot> in Paris during the week July 
10-17, and the Sixth International Botanical Congress will be held 
at Amsterdam on September 2-7. 

In a letter to Nature (Oct. 6) Meyer, Sohein and Stoll, writing 
from the Physical Institute, Zurich, state that they have detected 
a band of solar radiation extending from about 1900 A to 2400 A 
with a sharp maximum at 2100 A. The absorption of ultra-violet 
light by ozone begins at 3100 A, reaches a maximum at 2540 A 
and decreases rapidly below this wave-length. Here, however, 
absorption by oxygen prevents any considerable quantity of energy 
reaching the earth’s surface and only by working at high altitudes 
with a quartz monochromator and a very sensitive photon counter 
was it possible to detect it. The maximum occurs as would be 
expected where the resultant absorption of oxygen and ozone is 
least and its intensity on the Jungfraujoch (.3460 m.) was about a 
thousand times greater than at Arosa (1860 m.). 

The Report of the Building Research Board for the year 1633 
deals for the most part with matters of trade interest. The Board 
is still pessimistic concerning the possibility of making brickwork 
waterproof by external treatment and goes so far as to record 
one case in which such treatment caused the formation of a hard 
skin on the surface of the brick which blistered and flaked so badly 
that it had to be removed. In any event the effective life of 
“ waterproofers ” seems to be limited to 18 months. 

The Report states that solid concrete floors when laid on the 
ground are always liable to be damp. The factor which determines 
whether or not there is trouble, is the rate at which the moisture 
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rising through the capillary channels in the concrete can be evapor¬ 
ated. Given good ventilation and a certain amount of heat, the 
moisture may be evaporated and conveyed out of the building as 
fast as it can penetrate the concrete. If ventilation is restricted 
—as, for instance, by storage of goods—^then moisture will accumu¬ 
late and the usual concomitants, fungus and mildew, may appear. 
Laboratory tests on Portland Stone have now been developed so 
far as to enable good resistant stone to be distinguished from very 
inferior stone, but it is not yet possible to grade the material more 
closely by this means. 

An International Tin Research and Development Council, com¬ 
posed of delegates appointed by the Governments of the principal 
tin-producing countries, has been established for the purpose of 
acquiring and disseminating scientific and technical knowledge 
relating to tin, its alloys and chemical compounds, the processes 
involved in the production of these materials, and their applications. 
The objects of the researches and other activities of the Council are 
to discover and develop new industrial applications of tin, to improve 
the existing products and processes, and to assist tin consumers 
in overcoming technical difficulties and problems relating to tin. 

Some fifteen technical papers have already been published. 
Among them is a 45-page pamphlet containing a very complete 
list of quantitative data relating to the properties of tin collated 
from papers and the standard Physical Tables. The original data 
are given and the user is left to make his own choice, e.p. between 
the Bureau of Standards value of 11 -6 microhm-cm. for the resistivity 
of tin at 20° C. and the 12'853 microhm-cm. given by Pietenpol 
and Miley in the Physical Review. Another paper describes a 
rapid method for determining the thickness of tin coatings on 
steel by dissolving the metal from a known area with a solution 
of antimony trioxide in hydrochloric acid. (The thicknesses to be 
measured are of the order of O'OOOl in. to 0'0006 in.). A discovery 
of more general interest is that of the effect of small quantities 
(0-6 per cent, to 1-0 per cent.) of tin compoimds such as tin oleate 
and tin tetraphenyl on lubricating oils. These compounds inhibit 
oxidation of the oil in air thus lessening the deposit of sludge and 
lengthening its useful life. The data given in the paper are based 
on results obtained with glass apparatus in the laboratory and 
would seem to need confirmation by tests under working conditions. 

H. L. Curtis and R. W. Curtis have made a new determination 
of the ampere in absolute measure using the current balance em- 
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ployed in 1911 by Rosa, Dorsey and Miller for the same piirpose. 
Their work is described in full detail in the Bureau of Standards 
Journal of Research (Jxme 1934). Their final result showed that 
the Bureau of Standards international ampere = 0-999928 absolute 
ampere, a value two parts in a million greater than that obtained 
by Rosa and his colleagues. This agreement is, however, fortuitous 
since the difference between the two results is considerably less than 
the probable error in either and one set of observations gave 
0-999990, a deviation of 02 parts in a million from the weighed mean. 

The Journal of the Bureau of Standards for August 1934 contains 
an interesting paper by Wensel, Roeser, Barbrow and Caldwell on 
the comparison of oarbon and tungsten filament lamp standards 
which gives some interesting details of the variation of the bright¬ 
ness of full radiators with temjierature. At 1600° C. it is only 2-1 
candles per sq. cm., at 2000° this figure has risen to 44-6, at 2200° 
to 137, at 2600° it is 633 and it roaches 1000 at about 2680°—data 
which emphasise the advantage of running lamps at the highest 
temperature compatible with a reasonable life. In the July issue 
of the same Journal Osborne and Meyers give revised tables of the 
saturation pressure of water vapour over the range — 6° C. to 374° C. 
calculated fi:x)m the very remarkable equation 

log,, j. = A + ? + ^(lO-x- - 1) + E( 10 W.) 

in which a; = T* - 293700, y = 374-11 - / (374 11° C. is taken as 
the critical temperature) and A, B ... F are constants ! Most of 
the data used in the computation have been published since 1932. 

There is also a paper by L. W. Tilton which indicates that there 
is a correlation between the refractivity of air and the annual 
sunspot number. It has already been shown that the storminess 
of the earth’s atmosphere increases with the sunspot number, and 
it is suggested that, when this number is low, the decrease in the 
average rate of stirring of the air permits denser components [e.g. 
associated molecules or isotopes) to settle near the surface and 
produce a mixture of slightly increased refraction. The standard 
value of — 1 for dry CO,-free air at S.T.P. is 0-0002926 and 
the variation is about 0-0000015—an amount sufficient to indicate 
that standard wave-lengths should be defined and used m vacuo. 
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THE LIMITATIONS OF GENERAL RELATIVITY. By Professor 
E. A. Milne, F.R.S., Rouse Ball Professor of Mathematics in the Univer¬ 
sity of Oxford a review of Relativity, Tharxnodynamica and 

Cosmology, by Richard C. Tolman, Professor of Physical Cliernistry 
aruJ Mathematical Physics at the California Institutes of Technology. 
[Pp. XVI -i 602, with 13 figures.] (Oxford : at the Clarendon Press. 
30^. not.) 

In this comprehensive treatise, Professor Tolman gives a sustained 
account, with ample mathematical detail, of the three subjects 
indicated in the title. It opens with a description of the ‘‘ special ” 
theory of relativity, and of the mechanics, in that theory, of a 
particle, a continuous medium and the electromagnetic field. It 
passes to an outline of thermodynamics, in the later sections of which 
it applies Einstein’s mass-energy relation to the statistical equili¬ 
brium (under enclosure conditions) of hydrogen and helium, and of 
matter and radiation, with discussions of the results on the present 
ratios of hydrogen to helium or matter to radiation in the universe. 
The book then presents the fundamental ideas of “ general 
relativity and the relativistic theory of gravitation, and applies 
them in the well-known way to the essential gravitational pheno¬ 
mena. Next comes a body of theory devoted to the extensions of 
general relativity to electrodynamics and thermodynamics. This 
section partially anticipates in its discussion of the reversible motion 
of a fluid the substantial concluding chapter on “ Applications to 
Cosmology.” This last is divided into four sections embracing 
static and non-static cosmological models, their thermodynamic 
properties and the correlation of phenomena in the actual universe 
with the help of the results obtained. 

The style of presentation is admirably clear and dispassionate— 
perhaps at times almost a little too apologetic for its own objectivity 
when comparatively meagre gains follow elaborate developments. 
The reader already familiar with the bases of the subject will have 
many happy hours following the ramifications unfolded by Professor 
Tolman. The work includes much original work by the author, 
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published and unpublished, but it is no mere compilation. The 
sequence of topics is in fact most skilfully chosen, so that the reader 
is insensibly led to expect each new development. Moreover, the 
mathematics is almost all verifiable mathematics, that is to say, the 
reader is not left to grapple with mathematical obscurities for 
himself. One must admire the erudition and versatility of an 
author not only at home with the broad outlines of so many different 
branches of his subject but familiar with, and lucid concerning, the 
last mathematical details, even when the topic itself (for no fault 
of the author’s) may bo a little dreary. But this may convey a 
wrong impression, for the book arrests the attention almost every¬ 
where. Further, the book may for some time to come well be an 
authority for references to standard and other formulae, which are 
chronicled with encyclopaedic thoroughness. 

On fundamental matters, however, the work is not satisfying. 
Whilst all consequential mathematical investigations are given in full, 
the really important underlying ones are omitted and their results 
merely stated, either without proof or with only verification—a very 
different matter from proof. For example, the treatment either 
avoids facing fundamental issues, or omits the original, synthetic, 
path-finding derivations in the sections presenting (1) the establish¬ 
ment of the Lorentz transformation formulae, (2) the relativistic 
transformation of Maxwell’s field equations, (3) the demonstration 
of the existence of entropy as a function depending on the state 
and not the history of a system, (4) the fundamental Sackur-Tetrode 
expression for the “ chemical constant ” of a monatomic gas (why 
does h suddenly make its appearance here ?). Some of the missing 
derivations are to bo found in the author’s other works. But the 
calculation of dissociation equilibria, for example, turns essentially 
on the value of the chemical constant, and the curious reader is left 
with a sense of emptiness when he is asked to take this for granted. 
The author has not altogether succeeded in penetrating the subject 
from the outside. These are less criticisms of what is in the book 
than suggestions for future additions which would enormously 
enhance the degree of completeness achieved. 

For if he made these additions the author would have to face 
issues which he in fact evades. It is true that in his introduction 
he expressly disclaims any intention of pursuing matters “ so pleasant 
to the logician ” as “the search for the smallest number of mutually 
independent and compatible postulates.” But this is not the point. 
The reader wants to I^ow exactly what the author means, or what 
he has assumed, in the derivations omitted. Take, for example, 
the Lorentz formulae. The proof of these —^the catalogue of what is 
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assumed in their derivation—^is the acid test of any work on relativ¬ 
ity ; the “ general ” theory of relativity is itself one possible 
generalisation of the results of “ special ” relativity and depends 
intimately on the Lorentz formulae ; in the author’s original thermo¬ 
dynamic contributions the frequent appearance of factors of the 
type Vl — «*/c* is a direct consequence of the Lorentz formulae. 
Yet wc are not shown how this surd originates, or what is involved 
in its derivation. The author implies throughout the existence of 
the rigid measuring-rod, yet does not enquire by what tests we are 
to recognise a distant measuring-rod as of the same “ length ” as 
one at the observer. How are we to be sure that its “ length ” is 
unaltered by transport from one position to another “ stationary ” 
with respect to the observer ? Even if we could do this, what does 
“ stationary ” mean ? Co-ordinate stationary ? Or stationary as 
the result of adding rigid rod to rigid rod in chain fashion ? More¬ 
over, the army of clocks “ distributed at convenient intervals 
throughout the system and moving with it,” required by the author 
to make any progress at all in stating the meaning he attaches to 
the Lorentz formula), ^ implies a definition of stationariness. Again 
how are these clocks to be recognised as identical with the observer’s 
own clock ? How are they to be rated and synchronised as to time- 
zero so as to agree with the observer’s clock and with one another ? 
The answer to this question necessarily involves a definition of 
simultaneity of a distant event with an event at the observer, yet 
the “ lack of any agreement as to [distant] simultaneity provided 
by the theory of relativity ” (only mentioned incidentally on p. 108, 
long after the formulation of the Lorentz formulro) stands as a 
looming shadow over the whole business. How can there be lack 
of agreement as to something not even defined ? If we can define 
" distant simultaneity ” for relatively stationary observers or clocks, 
why is it impossible to convey the same notion to relatively moving 
observers ? The notion of distant simultaneity is involved in the 
very definition of velocity ; for the velocity of a particle is the ratio 
of the distance it describes to the epoch-difference between two 
distant events, namely the events defining the beginning and end 
of its trajectory-arc; both these have to be assigned a time-co¬ 
ordinate by the given (distant) observer before he can legitimately 
employ the notion of velocity, t.e. before he can state what he means 
by a second observer in uniform motion relative to himself. Yet 
Professor Tolman assumes the notion of uniform relative velocity 

1 Actually this army of clocks is entirely unnecessary. It can be shown 
that the only clocks ne^ed are two, one in the possession of each of the two 
relatively moving observers considered. 



THE LIMITATIONS OF GENERAL RELATIVITY 637 

at the outset, before the difficulties of timing at a distance are 
referred to. 

By taking sufficient trouble all these questions can be answered, 
and they are worth answering. The answers help to make clear 
an essential difference between “ special ” relativity and “ general ” 
relativity. “ Special ” relativity can be presented in a manner 
entirely devoid of a conceptual under-structure. “ Gleneral ” rela¬ 
tivity, on the other hand, begins with the concept of a co-ordinate 
system. In “ special ” relativity, co-ordinates can be presented 
simply as constructs made out of given observations made before 
the co-ordinate system is mentioned. In general relativity a scheme 
expressed in conceptual co-ordinates can always be translated into 
the observations it implies ; but it has never been shown, and it is 
not in fact true, that any set of observations whatever can be 
described in the symbolism of “ general ” relativity. The latter 
statement is indeed obvious in the sense that what we mean by 
predicting a phenomenon by means of the theory is just the imposi¬ 
tion of a possible restriction on observations. But the statement is 
true in the further sense that not all sets of observations compatible 
with the principle of relativity can necessarily be expressed in terms 
of the formalism of “ general ” relativity. The clothes of general 
relativity do not fit all figures The conceptual co-ordinate mesh- 
system used in general relativity is indeed of a special kind, namely 
Riemannian. But it is clearly possible to correlate any continuum 
of point-events with any continuum of 4-dimensional space, although 
only in special circumstances will the technically defined and 
observable “ interval ” between two neighbouring point-events be 
measured by the geometrical interval between the representative 
points. For the purposes of “ general ” relativity, a space is built 
up around the given distribution of matter-in-motion in such a way 
that (when the matter consists of free particles) the particles follow 
the “ straightest ” possible paths in the space or space-time, known 
as geodesics; it is then taken as axiomatic that any additional 
free test-particle will also follow a geodesic. The condition that 
the free particles must describe geodesics in the space-time restricts 
the nature of the space-time, and imposes properties such as curva¬ 
ture on it. But this condition is only imposed by the analyst’s 
choice. He can clearly make other choices for the curves to be 
followed by free particles, and then the resulting space-time, built 
up around them, wiU be different. For example, in the space com¬ 
monly used in physios the spaoe-ourvature is zero and the paths of 
free particles in the corresponding space-time are not geodesics. It 
can be shown, at least in certain osises, that the analyst in describing 
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a gravitational field can still employ a “ flat ” space, provided he 
uses suitable invariant factors to “ weight ” the elements of arc in 
the four-dimensional track. This was first made clear by 8. B. 
Milner. The usage of “ curved ” space in general relativity treat¬ 
ments should not be allowed to mislead the reader into thinking 
that “ Space ” is reaUy curved. It is better to regard “ Space *' as 
arbitrarily at the observer’s choice, to regard the one chosen as a 
possible language for the description of the phenomena. Soma 
language is necessary before description is possible at aU. But to 
hold that the space employed in “ general ” relativity is some 
ultimate reality “ Space ” would be the same as to regard an Indo- 
European language as an ultimate reality for describing Aryan 
phenomena. Naturally, when the describer has fixed his choice of 
space, the “ laws of nature ” obeyed by phenomena as described by 
use of this space are relative to the space ; different kinds of space 
may require different formulations of laws of behaviour of matter 
in motion, much as each language has its own idioms. 

The upshot of these remarks is that we should beware of 
speaking of “ physical space ” as if it were a constituent of reality, 
but that instead we should speak of “ the space used in ordinary 
physics ” or “ the space used in general relativity.” This is at least 
a view to be tested by detailed enquiry. Professor Tolman, on the 
other hand, does not appear to say what he means by “ space,” 
which the reader is led to regard as some definite constituent 
of the external world with explorable properties. That objects 
possess spatial relations is undeniable, but it is a long step 
from this to assume that they are embedded in some entity 
“ Space.” 

For example, in his remarks upon the origin of the Lorentz 
formulse. Professor Tolman repeats a statement often made in this 
connection (used, in fact, by Einstein), namely, “ making use of 
obvious assumptions as to the validity of EuoUdian geometry and 
the homogeneity of space and time, etc.” The ” homogeneity of 
space and time” was used by Einstein as justifying the assumption 
of linear forms for the Lorentz formulas when these are derived as 
substitutions compatible with the invariance of c*dt' — Edx*, but 
it is very diflicult to attach any meaning to the assumption. To 
attach a meaning to it we should have to have some idea of in¬ 
homogeneous time, for example, and then exclude such inhomo¬ 
geneities. Until space and time are properly defined there is no 
sense in predicating the property of homogeneity, whatever it may 
be. It is at any rate clear that this “ homogeneity of space and 
time,” as used in this context, is not the same thing as the homo- 
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geneity assumed or established for cosmological models, though we 
would have expected them to be good examples; for in these models 
the formulae of descriptions of an event by two equivalent observers 
are not of Lorentz type. It may be objected that when deriving the 
Lorentz formulae we are dealing with “ free space.” But what then 
of their applications to continuous media and electrodynamics ? 
If the objection is put in the opposite way, that we are dealing with 
the absence of gravitational fields, then that ought to mean that 
we are dealing with the absence of all accelerations. Actually 
Professor Tolman frequently applies the Ijorentz formulae to acceler¬ 
ated motion—notably in the “ clock paradox,” where his neglect of 
the effect of acceleration on the accelerated clock seems to me 
illegitimate. Again, in his applications of special relativity. Professor 
Tolman devotes a wonderfully clear and explicit section to the 
relativistic definition of acceleration-causing force. He nowhere 
shows why the left-hand sides of his defining equations cannot be 
identified with gravitational forces. It is no use at this stage to 
answer by saying that gravitational forces “ cause ” a “ curvature ” 
of ” space ” or “ space-time.” For why have gravitational forces 
this effect, yet not electromagnetic forces ? If mass is of purely 
electromagnetic origin, and if special relativity in the absence of 
gravitation is adequate for the description of electromagnetic fields 
by relatively moving observers, then special relativity should be 
adequate to deal with all properties of mass, including, of course, 
gravitation; if not, then mass is not of purely electromagnetic 
origin. The reader may be referred to the introduction to Professor 
Max Bom’s paper, at the recent International Conference on Physics, 
on the electromagnetic field. The fact is that “ general ” relativity 
is stiU an empirical method of dealing with gravitation. It is, of 
course, amazingly successfal. It is less empirical than the Newtonian 
formulation, but still empirical. For example, it does not show 
why the Newtonian constant of gravitation is positive and not 
negative—why gravitation is attractive and not repulsive; the 
sign of ” K ” is determined empirically by comparison with the 
Newtonian law. Again, the smallness of the cosmological con¬ 
stant A is an empirical result—if indeed it exists as a natural 
constant. 

These latter remarks are not, of course, criticisms of the book 
under review. But they are relevant to Professor Tolman’s philo¬ 
sophical attitude. He quotes with approval the view that laws of 
nature are to be regarded as codifications of the results of experi¬ 
mental observations ; but admits later that Einstein’s theory was 
not the result of a mere attempt to account for small, existing. 
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obsenrational discrepancies with Newtonian theory ; rather was it 
(in Tolman’s happy phraseology) “ the full flowering of a complicated 
theoretical structure, growing from fundamental principles whose 
main justification seemed to lie in their inherent qualities of reason¬ 
ableness and generality ” (our italics). He well adds “ the extra¬ 
ordinary success of a theory, obtained by those methods of in- 
tellectualist approach whose dangers have been so evident since 
the time of dalileo well bespeaks the genius of its founder.” 

Actually, as has often been pointed out, laws of nature as 
recognised are rarely mere codifications of experience ; we do not in 
fact apply completely the Baconian scientific ethic. If they were, 
and we declined to assent to expectations of future fulfilment, 
scientific law would be poorer than case-law ; for it would not even 
set precedents. The object of theoretical scientific investigation is to 
represent more and more instances (observed or predicted) as 
examples of fewer and fewer general principles ; to infer the widely 
differing bye-laws of nature from grander generalisations. Now 
usually there is some substratum of posited or postulated fact on 
which even the grandest generalisations are made to depend ; that 
is to say, something assumed to be so-and-so in the world which 
might possibly be a different so-and-so. If we come to a fact 
beyond which we can get no deeper, then we have an ultimate 
irrationality, in Whitehead’s phrase; there we find the finger of 
God. But can we be sure that the process of reducing the factual 
basis does not come to an end ? May not the fundamental laws of 
nature in the last resort be, not mere projections of the mind as 
Eddington has suggested, but expressions of the logic of things, of 
the compatibility of observations, of the only phenomena capable of 
consistent observation by all observers ? May not the ultimate 
observational basis be nil ? Is it not possible that mathematical 
physicists will ultimately do for moving configurations of particles 
what the Greeks did for static configurations of points, namely 
deduce their properties by pure logic ? From this point of view 
the present stage of physics may be comparable with the Egyptian 
stage of geometry, when geometrical facts (Uke the construction of 
a right-angle by a 3, 4, 5 triangle) were just empirical facts of 
experience. 

It is for the extent to which Einstein’s theory realises this ideal 
that Tolman rightly praises it, in the passage quoted. But it 
reahses this ideal to an imperfect extent, as shown by its various 
empirical appeals to experience. The principle of relativity by 
itself is an almost perfect example realising the ideal; but that 
particular expression of it called the “ general ” theory of relativity 
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may perhaps give place in time to some more fundamental expression 
of the ideas of relativity, containing a smaller basis of appeal to 
experience. 

Professor Tolman’s repeated insistence on the complete justifica¬ 
tion for “ accepting ” relations obtained by the theory of relativity 
as depending on the results of and confirmation by experience 
seems to pull the other way from his efforts to exhibit the “ reason¬ 
ableness ” of the theory. 

For, 08 Sir J. J. Thomson once said, a scientific theory is a 
policy, not a creed, and whilst a creed is something to be accepted 
or rejected, a policy is something to be pursued. There appears to 
the writer to be something dangerous in Professor Tolman’s fiwquent 
references to “ acceptable ” scientific theory. “ Acceptable ” theory 
is own cousin to orthodoxy, which, though rightly a safeguard 
against thought-extravagances, is sometimes an obstacle to the 
emergence of new ways of thought, even in science. “ General ” 
relativity would in the long run suffer if it were ever regarded as 
beyond criticism. It is not impious for each new generation to 
think out its first principles for itself. No one should ever be asked 
whether they “ accept ” general relativity. It is legitimate to 
pursue all policies whilst accepting no theories; hoping all things 
but believing no things. 

Some trace of the influence of authority is found on p. 321 of 
Professor Toiman’s treatise. He writes: “ The possibility of a 
miiverse or cosmological model completely filled with an expanding 
gas was not considered firom the classical point of view. It is this 
latter possibility that proves to be important for relativity. Classi¬ 
cally, such models were not investigated . . . because it was known 
that the unmodified Newtonian theory of gravitation . . . was 
unable to carry through any unique treatment for such a non-static 
cosmological model.” Actually, whilst Professor Tolman’s book 
was in the press, this very problem was solved, for the case of an 
infinite space-filling dust-cloud, on strictly Newtonian principles, 
t.e. using the unmodified Newtonian theory of gravitation. This 
solution is adequate for all present astronomical purposes, and gives 
great insight into the meaning of the corresponding general relativity 
solutions. For example, what is described in the relativity solu¬ 
tions as an inherent curvature (positive or negative) of space, 
appears in the Newtonian solutions simply as the excess or deficiency 
of the square of the velocity of escape of a particle from its neigh¬ 
bours (reckoned by an observer on an arbitrary neighboiu:) over 
the square of the parabolic velocity of escape. Thus the mathe¬ 
maticians of the eighteenth century, on their principles, could have 
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sttooessfuUy accounted for the expansion of the universe if it had 
then been observed, or even predicted the relation between rate of 
expansion and mean density, and general relativity can now by no 
means claim to be indispensable in this respect; though of course 
it finds its own way of avoiding the infinite velocities predicted by 
the Newtonian models for small values of the “ age ” of the universe 
or at large distances. My point here is, however, chiefly that 
the problem was easily sofved as soon as minds were cleared of 
the authoritarian view that general relativity was essentially 
necessary. 

Professor Tolman’s concluding section, on the relations between 
co-ordinate positions and observable quantities in cosmological 
models, is very clear and very useful. He shows how to eliminate 
the purely mathematical co-ordinates and obtain relations between 
observables only. An example is the relation between the expected 
numbers of nebulae N out to a given limiting red-shift bX/X and the 
bolometric luminosity I at this limit. This relation holds at any 
given epoch of observation. It would have been instructive, how¬ 
ever, to consider simply the relation between any two of these 
quantities as the epoch of observation advances. For example, 
we could consider the predicted number of nebulae ndadut inside a 
given solid angle d(o as observed at a given epoch of observation t 
to possess Doppler shift ratio s(= (A -f- bX)/X) lying between a and 
« -f d«, say n{t,8)da d(o. If this policy is carried out it appears that 
the cosmological models of general relativity only achieve their 
object (of having every nebula surrounded by others) by the creation 
or annihilation of the necessary matter at the limit of observability 
for any given observer. The models predict that the observer 
would from time to time see new nebulae born (or annihilated) in 
his field of vision. The new nebulae are (in certain models) bom 
receding with the velocity of light, just invisible, and then decelerate 
into visibility, ultimately fading again as increasing distance gets 
the upper hand. It is not that the analyst has introduced the 
creation of matter into his assumptions. The mathematics takes 
control, and creates the matter to fulfil the task imposed upon it 
by the analyst. If the condition be imposed that no matter shall 
be created or destroyed within the accessible temporal experience 
of the observer, then we have’a criterion which compels the re¬ 
jection of many cosmological models. Professor Tolman leaves us 
with a choice of many models. The suggested criterion might 
serve to distinguish between them, and remove the note of com¬ 
parative pessimism on which Professor Tolman ends his scholarly 
fereatise. 



THB BBLATIOlSrSHIP OF OENBITIOS TO HEDIOIKB 643 

TBB REaUkTIONSHXP OF GENETICS TO BCEDICZNE. By P. A. 

OoBXB, M.B.C.S., LJft.G.P., B.So. Being a review of Th« ClumoMi of 
Morbid lahorltaaoo, edited by C P. Biaokbs. [Pp. xii + 494, 
with iUustrationa and charts.] (London: H. K. Lewis & Co., Ltd., 
1934. 16«. net.) 

Ths relationship of heredity and environment in determining be¬ 
haviour in general and disease in particular has been a contentious 
subject amongst doctors and sociologists for some time. 

It cannot be claimed that the problem is solved, but geneticists 
are now in a position to state it far more clearly than was possible 
a few years ago. It would appear that the same is not true of the 
medical profession who, with few exceptions, appear not to have 
got beyond the stage of the subject at which Weismann left it. 
It must be remembered that Mondelism akme does not help to 
solve the general problem. If a condition is determined by a 
single gene, it does not mean that its appearance cannot be con¬ 
trolled by modifying the environment, although in some cases it 
may appear extremely improbable that medical science will find 
the way to do so within the next hundred years. 

In applying knowledge medically, it is not always necessary to 
have a complete analysis of the processes involved; for example, 
we may state the probability of the offspring of a given marriage 
having or carrying a certain complaint without knowing the numbers 
of genes, etc., or the environmental factors concerned in its mani¬ 
festation. Having given the figures, the question of the desirability 
of marriage or reproduction rests on the judgments of the patient 
and adviser. It is with the object of enabling the general practi¬ 
tioner to assess these chances that Dr. Blacker has edited this book. 

As frequently happens in a composite work, the sections vary 
considerably in merit. Had all the authors kept within the limits 
laid down in Dr. Blacker’s preface there would have been less to 
critioise. Unfortunately some of the contributors have wasted a 
great deal of space on what are, for the most part, extremely muddle- 
headed speculations on the relationship of heredity and environment. 

The medical profession still seems obsessed with the idea of 
heredity veraua environment and appear to regard a “ hereditary 
cause ” as something entirely different from an “ environmental 
cause.’* It must be confessed that there is little in the chapter 
on Glenetic Principles to elucidate the problem. The section is no 
more than a brief account of the theory of the gene, and has no 
special reference to the problems of clinical medicine or experi¬ 
mental pathology. It makes no mention of those genes whose 
phfflootypio expression is influenoed in a predictable way by the 
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eavironment, as typified by the mutation “ abnormal abdomen " 
in D. mdanogaater. No mention is made throughout the book of 
a type of mutation studied extensively by TimofFeef-Ressovsky, in 
whioh there is not 100 per cent, manifestation of the gene with a 
constant genotype and a controlled environment. These genes also 
show a variable manifestation when heterozygous. It is probable 
that both these types are of great clinical importance and will help 
to explain many of the anomalous human pedigrees. It is doubtful 
if it will ever be possible to give a useful numerical answer to the 
question of the relative importance of heredity or enviroiunent 
except in a few special cases. The question is better set in a different 
form. 

The medical man wants to know the following facts: 

1. Is a given syndrome confined to a particular genotype ? 

2. What are the conditions necessary for the production of the 

syndrome in the susceptible genotype ? 

3. Is a syndrome reproducible in different genotypes by different 

stimuli or different intensities of the same stimulus ? 

4 What is the genetic basis of the underlying diathesis ; is it a 
single gene ? If so is it dominant, recessive, etc. 

There is one other aspect of genetics upon which there appears 
to be a good deal of confusion. On p. 143 a remark of Jennings 
is quoted to the effect that, “ hundreds of genes are required to 
build a mind, even a feeble mind.” This may be witty, but it 
betrays a fundamental misunderstanding of genetics. Genetics is 
not experimental embryology, the brain is not made out of genes. 
Pure genetics does not tell us how the brain is built. Genetics 
deals with differences; when a gone mutates some physiological 
mechanism is modified. The consequent variation in the phenotype 
depends on the mechanism modified. For example, there are 
numerous mutations having a slight effect on the size of an animal. 
In the house mouse there is a single gene that when homozygous 
gives a sterile dwarf. Here there has been some interference wdth 
the mechanism of the pituitary gland and the animal’s physiology 
profoundly altered. To avoid confusion it might be as well to 
follow the advice of Professor Fisher and to speak of a disease as 
being determined by a gene avbatitrUion rather than a single gene. 

It is on the subject of mental disorder that eugenists have made 
their most extravagant claims, and it is here that most controversy 
remains. Genetic knowledge of this branch of medicine is unlikely 
to become precise till we have better and more objective methods 
of studying human behaviour. Very probably different genotypes 
respond differently to a similar social environment. But this does 
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not tell us how far insanity is controllable by eugenic or other 
methods. On p. 93 Or. Lewis says that nowa^ys the same non- 
aocial medical principles are used for the recognition of mental 
disorders as for physical diseases. On p. 122 he classifies agitators 
along with hysterics, swindlers, etc., as constituting a large portion 
of “ the social problem group.” It must depend to a large extent 
upon political ideas and social position as to whether one judges 
an imperialist, eugenic, or communist agitator as a social menace. 
The point is, though, not so much whether Dr. Lewis is inconsistent, 
but whether what he claims to do is desirable at all. Social be¬ 
haviour only has relevance to a particular type of society, and the 
t 3 rpe of behaviour one wishes to produce must depend on the type 
of society one wishes to support. 

The advice given in the chapter on mental defect is about as 
good as one can expect in the present state of our knowledge. The 
“ primary amentias ” still form a large mass of imsifted material. 
The questions set out earlier in this review still remain unanswer¬ 
able. A great deal of the speculative matter in this chapter can 
be of no use to the general practitioner, and is on the whole too 
vague to be of value as a working hypothesis for the study of mental 
defect. 

The chapter on diseases of the blood by Dr. L. J. Witts would 
be of value, if for no other reason than that in it are collected some 
of the contributions that the author himself has made to htematology. 
The data given on pernicious anaemia and the simple achlorhydric 
anaemia of Witts, bring out the importance of a thorough under¬ 
standing of the pathology of certain conditions as a preliminary to 
a study of their genetic basis. In the case of both the diseases 
mentioned, our attention has been shifted from the blood-stream 
to the gatstric mucosa, and it is here that we must look for the 
fundamental genetic modification. 

Dr. M. Campbell, who writes on cauxlio-vaiscular diseases, hais 
the distinction of being the only author to mention the mutations 
of the ‘‘ abnormal abdomen ” type. He gives an admirable account 
of the genetics of his own special subject and points out very clearly 
some of the difficulties of human genetics. 

The section on skin diseases is deficient in many respects. Five 
common diseases are mentioned and four rare conditions of doubtful 
genetic basis picked more or less arbitrarily from the literature. 
Amongst the latter no mention is made of xeroderma pigmentosum 
(a recessive defect) or of the possibly allied porph 3 rriniuia congenita. 
The account given of ichthyosis differs in many respects from that 
given by Cockayne. The special case of tylosis is said by the latter 
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author to be due to a dominant gene on an analysis of forty-seven 
families. Dr. Forman gives Sieman’s hypothesis that it is recessive, 
but gives no good evidence to support the contention. The most 
serious defect of all is that Cockayne’s valuable book on the Inherited 
Abnormalities of the Skin and its appendages is not mentioned in 
the bibliography. 

The chapter on tuberculosis is very disappointing. The relation¬ 
ship of genetics to infection is very complex. Prom a prospective 
parent’s point of view, theoretical considerations do not greatly 
matter, but they may legitimately ask what are the risks of their 
children becoming infected if they themselves have suffered. The 
data obtained from the Grancher system in France and from the 
Papworth system in this country, are probably of more practical 
value than much of the evidence given in this book. 

In the chapter on skeletal abnormalities, the accent is mainly 
on the embryological aspects of the problem, genetics being treated 
more or less en passant. The only definite eugenic prognosis given 
is for cleido-cranial dysostosis. One could equally well advise 
against the marriage of individuals with other deformities, even if 
they do tend to “ die out ” in later generations, as is said of “ Lobster 
claw.” 

The other sections bring out points already dealt with; some 
of them, notably those on allergy and gastro-intestinal diseases, 
pointing out an interesting field for future research. 

One point that emerges quite clearly from this book, is that it 
is seldom possible to give a eugenic prognosis for any particular 
clinical entity; it is nearly always necessary to consider the in¬ 
dividual pedigree. 

There are some curious omissions from this book; diabetes 
insipidus, xeroderma pigmentosum, alcaptonuria and a few other 
conditions whose genetic basis is known are not mentioned. Prom 
the point of view laid down in the preface the book is of value. 
It is in need of more co-ordination. Regarded as a treatise on 
pathological genetics it is already out of date. 
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Analjrtical Geometry of Three Dimeneione. By D. M. Y. Sommer- 
viLUE, M.A., D.Sc., F.N.Z.In«t. [Pp. xvi -f- 416, with 49 figures.] 
(Cambridge : at the University Press, 1934 18^. net.) 

This is a text-book for honours students at the universities and should prove 
most useful. Tliere has been a tondimcy in elementary text-books to reduce 
three-dimensional geometry to a series of algebraic mampulations, and to 
obscure the geometrical ideiis which form the essential part of the theory. 
In the book imder review Professor Sommorville has avoided this mistake 
and emphasised at every step the importance of geometrical arguments. 
Tlie book forms in some sense an introduction to Professor Baker’s 
volumes on the Princtplea of Geometry reviewed on p. 347. In addition to 
the standard elements of the subject, there arii chapters on tangential equa¬ 
tions, curves and developables, invariants of a pair of quadrics, lino geometry 


and algebraic surfaces. 


E. M, W. 


Differential Equation*. By H. B. Phuxips, Ph.D. Third edition. [Pp. 
vi H- 126, with 17 figures.] (New York : John Wiley & Sons, Inc.; 
London : Chapman & Hall, Ltd, 1934. 10«. 6 d, not.) 

This text-book contains the theory of the simpler complete differential 
equations. The problems arc mainly of tho type occurring in mechanics 
and physios, imd require the student to set up and integrate his own differen¬ 
tial equation. With this in view, oortam topics in mechanics and physios 
needed in groups of problems are discussed in the text. 

E. M. W. 

Niunarical Integ^atiozi of Diffsrontial Equation*. By A. A. Beknett, 
W. E. M 1 I 4 NE and H. Bateman. Bulletin of the National Kesoarch 
CJouncil, No. 92. (Pp. 108.] (Washington : The National Resoaroh 
Council of the National Acadomy of Sciences, 1933. $1.00.) 

This is the report of a committee of the Division of Physical Sciences of 
the National Research Council, and is intended for tho student desirous of 
learning the theory of numerical integration of differential equations and 
for the practical computer. There are chapters on tho interpolational 
pol 3 moznial, successive approximations and on step-by-step methods of 
integration. These three chapters deal with “ topics probably essentially 
or 3 ^tallised,” but tho subject of the last cliapter, viz, methods for partial 
differential equations, provides many probloms as yet unsolved, and it may 
be hoped that this report may call the attention of workers to this fruitful 
field of research. E M W 
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ASTRONOniY 

GruBdriBB der SphILriBclieii und PraktiBChen ABtronomia. By 

Frikdeioh Becker. [Pp. 167, with 69 figures.] (Berlin & Bonn: 
Ford. Dtimmler, 1934. R.M. 4.80, stiff paper covers; R.M. 6.60, 
boiuid.) 

A KNOWiiKDGK of the methods of spherical astronomy is a necessity to every 
astronomer, m whatever branch of the science ho may choose to be engaged. 
This book supplies a clear and concise account of the general principles on 
which positional astronomy is based, and for its size it is remarkably com- 
prehensive. Naturally the treatment is not so exhaustive as in larger text¬ 
books, but It 18 thoroughly up to date, and the importance of modem photo¬ 
graphic methods has not been overlooked. The author does not aim at 
supply mg detailed proofs of all the formulsB employed in the various reduc¬ 
tions necessary in the preparation of a stellar catalogue from direct observa¬ 
tions, but lie brings the reader up to the pomt where ho con supplement 
his knowledge by consulting speciahsed sources to which suitable references 
are given. Space has been found for illustrative examples of computation, 
and the numerous figures in the text are clear and well chosen. Brief accounts 
of the methods of interpolation, of Least Squares, and of map projections 
form an appendix of some thirty pages. 

The last German text-book on this subject was written by De Ball and 
published in 1912. The obvious need of a more modem work has now 
been supplied by Dr. Becker, and his book, a masterpiece of compression^ 
can be recommended not only to students, but also to lecturers who may 
wish to arrange a course in spherical astronomy. A translation mto English 
should receive a welcome both here and m America. 

R. W. W. 

METEOROLOGY 

Exploring the Upper Atmosphere. By Dorothy Fisk. With an In¬ 
troduction by Professor H. L. Brose. Illustrated by Lbokabo 
Starbuck. [Pp. 166, with 6 figures.] (Ixindon : Faber & Faber, 
Ltd., 1934. 6s. net.) 

To those who would like the description of scientific observations on the 
constitution of the atmosphere, and related phenomena to take the form 
of an exceedingly pleasant narrative, this book con be heartily commended, 
even though its style may at times become somewhat poetic or even fnvolous. 
It 18 suitable for readers of all ages, and can bo specially recommended for 
boys and girls who are interested in science; they will find the chapters 
on ballooning and on polar lights most entertaining, for Miss Fisk appears 
to be an accurate and competent journalist. 

L. F. B. 

PHYSICS 

Lehrbuch der Phynik in elementarer Darstellung. By Arnold 

Berliner. Fifth edition. [Pp.viii-f 736, with 847 figures.] (Berlin: 
Julius Springer, 1934. R.M. 19.80, bound.) 

This book may be unreservedly recommended to students and teachers of 
physics who are concerned with courses of instruction up to, and somewhat 
beyond, intermediate standard. It attempts to give an olementary pioture 
of all important physical phenomena and succeeds in a most praiseworthy 
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manner. It is excellently printed and bound ; it is extremely well illustrated, 
and the use of coloured rays in some of the diagrams dealing with the forma¬ 
tion of spectra, etc., are likely to be much appreciated ; and it is to be hoped 
that the idea will take root with English publishers. The fact that the 
fifth edition is now before us is sufiioient evidence of popularity and soundness. 

The author pays much attention to the historical asjiocts of his subject, 
for he always endeavours to give the date when a particular definition was 
first used and by whom it was invented. Perhaps ho tends to rely a Little 
too much on German sources of information, e,g, the statement that the 
value of the mechanical equivalent of heat obtained by Jaeger and Stemwehr 
in 1916 iH probably the most correct, will seem to British readers to be opeii 
to challenge. However, this is a minor fault in a book which, after all, 
is primarily designed for Gorman students. 

The reviewer particularly noted the simple descriptions of tho Edtvos 
torsion balance and tlie Micholson-Morloy oxj>eri merit, and tho references to the 
rofractivi^ indices of metals for visible radiations and also those of materials 
for X-rays. Tho book should specially appeal to students of physics who 
wish to pcirfixjt their knowhxlge of Gorman, for its stylo is pleasing and straight¬ 
forward, and there is a very marked absence of long, involved sentences. 
The price, R.M. 19 80, is really very modest, and one wonders what the 
circulation would bo hero if Britain wore still on the gold standard. 

L. F. B, 

Physics. By Professor A. S. Eve, C.B.E., D Sc., F.R.S., McGill Uni¬ 
versity, Montreal. Homo University Library of Modem Knowledge. 
[Pp. 268, with 39 figures.] (London ; Thornton Butterworth, Ltd., 
1934. 2«. 6d. net.) 

This is a very neat little book which will give an intelligent lay reader a 
very clear idea of tho phenomena with which tho physicist is concerned. 
It is written in a pleasant stylo with a marked economy of words. The 
author is very careful in dofinmg the units m which physical quantities are 
measured. He covers a wide field, for sections on television and induced 
radioactivity are included in the book. It is felt, however, that the lists 
of references for furtliei readmg might be amended, particularly in the case 
of sound. 

L. F. B. 

Physical Constants. By W. H. J. Childs, B.8o., Ph.D. Methuen’s 
Monographs on Physical Subjects. [Pp. viii -f 77, with 7 nomograms.] 
(London; Methuen & Co., Ltd., 1934. 2<i. 6d. net.) 

The appearance of this little book will be cordially welcomed by all students, 
for It contains all tho constants that are likely to be required in a normal 
degree course, it is convenient in size and shape, and its price is so modest 
that practically every student will be able to possess a copy. The informa¬ 
tion it contains is accurate and well set forth, and the compiler has saved 
a great deal of space, and obviously hopes to save much of his readers’ time, 
by the use of nomograms, e.g, for capillary corrections, etc. In a future 
edition, however, it is imperative that a satisfewjtory index be provided, for 
the present list of contents is most inadequate. Incidentally, every reader 
will not remember the latitude of Greenwich, and that also might be included. 
The book is heartily recommended. 


L. F. B. 
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Modarn Acoustics. By A. H. Davis, D.So., Principal Soientiflo Officer 
in the Physics Department of the National Physical Laboratory. 
[Pp. xii -f' 346, with 8 plates and 104 figures.] (London : Q. Bell A 
Sons, Ltd., 1934. 26s. net.) 

A NEW impetus to the study of acoustics h^s been given by the technical 
requirements of the gramophone and radio industries, and the same develop¬ 
ments as have mode broadcasting and electrical reproduction possible have 
put now weapons into the hands of the scientific investigator. Most books 
written from the technical point of view in connection with new apparatus 
and processes tend to suffer from the propaganda habit, and to generalise 
from incomplete data and insufficiently controlled experiment. A book such 
as Dr. Davis’s is thus of special value. Being the work of one who has spent 
many years at the National Physical Laboratory in carrying out and promot¬ 
ing investigation, and m the study of similar investigation elsewhere, he is 
quahfied not only to compile the present knowle<ige of this subject, but also 
to examme it critically. In this volume, which covers a wide range of 
theory and oxpe*riment, he does both with success. Ho passes from intro¬ 
ductory matter on general characteristics through chapters dealing with 
sources, measurements, hearing, building acoustics, etc., and the admirable 
sununary he gives of the relative merits of the different reverberation formulae 
is typical of his capacity to grasp and expound the essentials of a particular 
aspect. 

The book is entitled Modem Acoustics and naturally makes no attempt 
to compote with, but omits much of what is contamed in classical text-books 
on Sound since the underlying dynamical theory is unaltered by the advent 
of electrical sources and the methods of measurement. 

It forms an impressive record of work done m the comparatively short 
period of about twenty years, and will make a strong appeal both to students 
and research workers who approach the subject from the scientific point of 
view, and to those engaged in industry who wish to make use of scientific 
research for technical ends. 

The typo is well set out and easy to read. Diagrams and photographs 
are excellently reproduced, and there is a most useful bibliography in the 
form of footnotes throughout the book. 

G. A. SUTHBBLAND. 

The Thermodynamics of Electrical Phenomena in Metals. By 

P. W. Bridgman. [Pp. vi -f 200, with 33 figures.] (New York and 
London : Macmillan & Co., Ltd., 1934. 16tf. net.) 

Professor T. W. Bridgman is well known throughout the world from his 
experimental investigations of the properties of fiuids in which use is made 
of the thermodynamic relations proved by Kelvin, Clap 03 rron, and others. 
It is perhaps not so well known that he has also concerned himself with 
the theoretical aspects, dating from the year 1919 when he published a 
critical thermodynamic discussion of the Volta, Thermoelectric and Ther- 
mionio effects. Smoe that year he has brought out at least sixteen papers, 
dealing largely with the theoretic connections between electrical properties 
and thermodynamics. 

The book imdor review contains essentially the substance of these papers 
consolidated into a more or less coherent whole ; some extensions and new 
relations have been added, and several important modifications or oorreotions 
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have been made in some of the original formulas. The final oha|)ter on 
miBoellanies contams much material which is not in the original papers, but 
is more or less common property and is included for completeness. 

The added matter includes a very useful examination of fundamentals 
(pp. 5-38), mainly in connection with the Volta effect. This is followed 
by forty pages on thermoelectric phenomena, in which the peculiarities of 
the book become manifest. It must bo stated that the author is not alto¬ 
gether conventional, and in his writings has struck out along linos of his 
own in an endeavour to surmount the difficulties which arise mamly in the 
application of thermod 3 mamiC 8 . Tins, of course, m itself, is all to the good. 
Unfortunately, however, ho apparently does not succeed in getting his friends 
to agree with him ; nor does he convey the impression that he is himself 
assured that ho has given a rigorous demonstration of his views (p. 67), 
and even puts forward a third possibility (p. 68) that the Peltier and Thomson 
effectts are not completely reversible. In one point only does he spcjak with 
certainty. Ho considers that the incorrectness of the conventional point of 
view con bo made absolutely certain if one considers thormo-electnc pheno¬ 
mena “ in single metal crystals of a non-cubic metal,” (p. 80). (The des¬ 
cription 18 his own.) To explain what happens he introduces a distinction 
between ” the workmg E.M.F.” and ” tho driving E.M F.” This distinction 
on examination turns out to be apparently much the same as that between 
” potential difference ” and ” electromotive force ” of the old-fashionod sort; 
a distinction which occountH for the phenomena equally well. However, 
the mtroduction of a second type of E.M.F. is supposed by him to remove 
all the difficulties (which even Kelvin felt at tho l^gmmng) connected with 
the application of tho second law of thermodynamics to partially irre¬ 
versible phenomena. 

Tins short notice has kept to fundamentals. The main part of the 
volume deals with applications to thermionic phenomena, thermo-electric 
phenomena m crystals, transverse galvanomagnetio phenomena and con¬ 
nections with the electron theory of metals and photoelectric phenomena. 

Teachers will find the volume contains numerous suggestive remarks 
which will be of value to them ; but the dubious logic on which tho author 
bases his subject will only tend to befog a student. A W P 

Tbe Electromagnetic Field. By H. F. Bioos, M.A., M.Sc. fPp. viu 
■f 168, with 38 figures.] (Oxford : at the Clarendon Press, 1934. 
lOtf. 6d. net.) 

This short book of 160 pages is written for students beginning an honours 
course in physios. 

It opens with on introduction to the vector notation and this notation 
is used throughout the book. The subject matter is clearly and concisely 
put and tho book may be described a course of lectures prepared by a 
good teacher. 

The material calls for little comment j there is no need for originality 
at this stage, but in the chapter on Dielectrics some departure firom the usual 
treatment occurs. The author points out a difficulty which affects the usual 
treatment of the dielectric constant by moans of removing a small sphere 
of the mediiim and avoids this method. In the space of this work the question 
cannot be adequately treated. A good feature is the introduction of a 
chapter on special relativity at the end. The author considers that the time 
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hae oome when a knowledge of the eleotromagnetio field cannot be considered 
as complete without some appreciation of the synthesis given by the theory 
of relativity. Most teachers have appreciated this point and a course of 
lectures on the subject of the book usually includes some introduction to the 
special theory of relativity. 

One notices a tendency nowadays to publish books of a condensed char¬ 
acter on scientific subjects, usually with an apology that time is short and 
there ii^ much to learn. But one wonders if students attempt to read 
the larger works especially by authors who arc themselves pioneers. It 
will bo a loss to scientific study if knowledge becomes superficial, or if one 
subject is studied merely liocause of its application to another. Short books 
only bo welcomed if they arc very well written and if they encourage 
wider reading. The volume under review is one that wo can strongly recom¬ 
mend on both grounds, and we regret that the death of the author has 
removed such an excellent teacher from among us. H T F 

Electromagnetic Waves. By F W. G. White, M.Sc., Ph.D. Methuen’s 
Monographs on Physical Subjects. [Pp. viii f 108, with 26 figures.] 
(London : Methuen & Co., Ltd , 1934. 3^. net) 

In WTitmg this monograph the author has set himself the task of giving on 
account of the propagation of electromagnetic waves and of mtroducmg the 
reader to applications in the study of phenomena associat€»d with the pro¬ 
pagation of these waves m the upper atmosphere. The former part of this 
project covers the short space of eighty pages and the latter occupies the 
final chapter. 

This 18 no simple task to imdortake and in reading the opening pages of 
the work it is surprising to find witli what elementary beginnings^we set out. 
From such simple assumptions as the nature of the force between charges we 
pass m the second chapter to Maxwell’s equations emd, after a chapter on the 
theory of Lorontz, wo arrive at the theory of dispersion. The steps are 
clearly set out and it is a tribute to the author that nowhere are wo etsked to 
make ewjts of faith and spring over difficulties with eyes closed. 

The reader is expected to know something of the subject and the book is 
written for the advanced student. It is a logical, though necessarily con¬ 
densed, oocoimt of the electromagnetic theory with especial stress on the 
theory of dispersion ; the importance given to this aspect of the theory 
being due to the fact that the book is really an introduction to apphcations 
in the study of the upper atmosphere. The author has himself contributed 
to the knowledge of that branch of the subject, and is thus well qualified to 
guide the reader directly to it. 

The student will find the first five chapters on excellent summary of some 
important deductions from the electromagnetic theory, and all who are 
interested m the important researches into the conditions in the upper 
atmosphere will welcome this oxcollont introduction to the subject. 

H. T. F. 


Ions, Electron* and Ionising: HadiationB. Sixth Edition. By J. A 
Crowtheb, 8c.D. F.Inst.P, [Pp. xi -f- 340, with 114 diagrams.] 
(London : Edward Arnold & Co., 1934. 12^. 6d. net.) 

It is five years since the appearance of the fifth edition of Prof. Crowther’s 
excellent book on the elements of modem physics. The sixth edition is now 
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available, and, like its predecessors at their times of issue, it forms as good 
an introduction to present-day atomic physics as students need or teekchers 
would desire them to possess. Like its forerunners, it is excellently bound, 
pnnted and illustrated. 

Many important changers may be recognised at once m the new edition, 
in addition to mmor alterations made throughout the text. Thus, Langevin^s 
method for the measurement of the mobihty of an ion disappears after many 
years and is replaced by the method of Tyndall and Gnndley, while the 
chapter on ionisation by collision has boon completely overhauled and con¬ 
densed. Perhaps the description of determinations of o/m for an electron 
might have been amplified by the inclusion of one modem method, but this 
book 18 only a first introduction to the subject, and the author must be 
allowed Homr^ latitude in his choice of material. The packing effect is 
adequately treatiKl m this edition. New sections on anomalous scattermg 
and artificial disintegration appear m the chapter on a-particles, and /9-ray 
spoctra roceivii more attention than heretofore. 

Neutrons, positrons and cosmic rays have a pleasant little chapter to 
themselves, and a s|wcial chapter on the structure of the nucleus deals with 
Garnow’s theory of nuclear structure and the id(»a of the piotential barrier 
in a very lucid manner. A chapter on the structure of the atom replaoes 
tlie fonner chapter on the electron theory of matter, and students will find a 
most welcome addition in a number of examples, complete with answers, at 
the end of tlie book. 

Prof. Crowther’s took has a definite place in the English literature of 
physics which the new edition will enable it to consolidate. 

L. F. B. 

MtUlar^-Pouillets Lehrbuch der Pbysik. Eleventh Edition. Vol. IV, 
Part 4. Elektrische Eigenschaften der Metalle und Electro¬ 
lyte ; Magnetieche Eigenschaiten derMaterie. [Pp. xx -f 906, 
with 400 figures.] (Braunschweig : Fnedr. Viewog & Sohn Akt.-Ges., 
1934. R.M. 62, paper covers ; R.M. 66, bound.) 

This excellent tnmtment of the electrical properties of metals and electrolytes 
taid of magnetic phenomena completes the fourth volume of this well-known 
text-book. For the oxjxjnmental worker the subject matter is of special 
interest, since in addition to a full description of the experimental results, a 
valuable and concise account of the modem electron theory of metals has 
been included. It is true that the reader requires rather a greater mathe¬ 
matical equipment than was necessary for the study of earlier volumes of 
the work, but this was unavoidable if the account was to bo of real use, and 
the contributor, Nordheun, is to be congratulated on the way in which ho 
has performed his task. 

description of the electrical properties of metals, and more particularly 
of the thermoelectric properties, forms an important addition to our sources 
of mformation. The treatment of thermionics is concise and up-to-date. 
Some 270 pages are devoted to the properties of electrolytes, including a 
very good account of the behaviour and theory of strong electrolytes. The 
section on magnetism, by Auwers, is also worth the serious attention of 
teachers of physios, for he has taken great pains to make his account simple 
to understand, and has not avoided the discussion of certain points of general 
interest which are too often neglected. Incidentally, while quoting Coeterier’a 



SCIBNOB PKOGRBSS 


554 

result for the gyromagnetio ratio of pyrrhotite Auwers might have quoted his 
result for iron. The treatment is fittingly completed by an account of the 
modem quantum theory of magnetism, by Nordheim. The whole work is 
excellently illustrated and can be unreservedly recommended. 

L. F. B. 


Alternating Cxirrents. By Leo T. Agger, B.E. fPp. viii -f 203, with 
146 figures.] (London : Macmillan & Co., Ltd., 1934. 5s.) 

To deal satisfactonly with alternating currents, it is generally considered 
necessary to have at least an elementary knowledge of the differential and 
mtegral calculus. The author has written this book with a view to avoiding 
that requirement, and he has shown considerable ingenuity and attained no 
small measure of success in carrying out his task. Some of the methods 
adopted wluch arc necessarily only approximate go a long way round to 
%chiovo the final result, and it is a debatable point whether such methods 
are really the simplest and best in the end. 

The first chapter deals with the prmoiples governing the generation of 
an altornatmg electromotive force, the current produced in a non-mductive 
circuit and matters cormeotod with the wave-form. The author prefers at 
this stage to apply Faraday’s law of electromagnetic induction from the 
point of view of the number of magnetic lines cut per second. Later on he 
finds it necessary to introduce the conception of a rate of change of flux 
linkages and one cannot help foolmg that this should have been done in the 
first instance. In the openmg chapter there is also a brief reference to vector 
representation of sinusoidal quantities. No mention is made hero of the 
addition and subtraction of vectors in relation to the sine waves which they 
represent. This simple extension of the vector idea is discussed at the 
beginmng of Chapter IV, but the separation into these two parts seems to be 
rather a disadvemtage m that the subject tends to lack continmty. The 
usual scheme of development is adopted for the mam theme of the book, 
namely the effects of resistance, inductance and oapaeitance in altematmg 
current circuits. Chapters II to IX are devoted to a discussion of these 
matters, series and parallel circuits incorporating various resistive amd 
reactive components being treated in turn. Chapters X auid XI deal with 
polyphase currents and the meaisuremont of power in polyphase circuits. 
Finally, the alternator, the transformer, the induction motor and alternating 
current mea«urmg instruments are each allotted a chapter for brief con¬ 
sideration particularly in regard to the elementary principles governing their 
operation. There is a good selection of examples both arithmetical and 
graphical interspersed tliroughout the volume. 

In givmg us this book the author has no doubt filled a gap in the wide 
selection of works on the subject. Ho caters for the essentially non- 
mathomatioally minded student and m that field he has undoubtedly achieved 
success. 

H. M. Barlow. 


Fundamentals of Hydro* and Aeromechanics. By O. G. TxEXirBNS, 
Ph.D. Translated by L. Rosenhead, Ph.D. [Pp. xvi -f 270, with 
186 figures.] 
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Applied Hydro- and Aaromeolianioa. By O. O. TmxtrBNa, Ph.D. 

Translated by J. P. Dkn Habtog, Ph.D. [Pp. xvi -f 311. with 

226 figures and 27 plates.] 

Engineering Societies Monographs. (New York and London; 

McGraw-Hill Book Co., Inc., 1934. 24s. net each.) 

Db. Tiktjbns has rendered a signal service in making available Dr, Prandtl’s 
lectures, on which these two volumes are based. The first volume opens 
with a detailed accomit of the statics of liqtuds and gases, atmospheric 
stability, including the formation of clouds, and the equilibrium of balloons. 
Then the fundamentals of fluid motion science are presented very clearly, 
sections on kmomatics and inviscid flow being followed by a chapter on the 
equations of viscous motion. The articles dealing with the use of conformal 
transformation will bo, perhaps, particularly useful. Indeed, the whole 
treatment sparkles, os one would expect, with a masterly mdividuality. 
Most practismg onginoors, for whom the hook is written primarily, will 
occasionally wish that it were less brief—for instance, as to the manipulation 
of 80 urci%* and sinks—but a foreword oxplams that various matters of detail 
or procedure appearing m other text-books and papers have been omitted 
deliberately to keep the presentation of fundamentals clear. Pertinent 
criticism may be made, however, of the widespread employment of vector 
notation. Without discussion of various questions arising—for example, 
whether tensor notation would not have been preferable, or whether either is 
justifiable in ongmcM3rmg—the facts remain that few English engineers are 
familiar with the notation and that there is little sign of their early education 
being rectified in this respect. However, this is a book well worth reading 
with pen and ink, m the course of which the “ pocket-maps ” may be 
“ unfolded ** once and for all, if desired. 

The second volume is of a more technical nature, although still confining 
attention for the most part to fluid motion, and here Dr. Tietjens has gone 
beyond Dr. Prandtl’s lecture courses. Th^>re are excellent chapters on flow 
in pipes and chamiels, boundary layers, drag and aerofoil theory, and a brief 
description of experimental methods. Of particular interest are two or throe 
suggestive articles written by Prandtl himself. The whole forms an mterest- 
ing and, one would think, a noct^ssary commentary on Vol. I, while also 
collecting together the cream of modem semi-empiricism with which this 
prodigiously growing subject is being nourished. One or two criticisms may 
be made. Recent work with the ultra microscope throws serious doubt on 
any physical significance attaching to the laminar film of Art. 49, which 
must bo regarded simply as an empirical expedient. The statement at the 
top of p. 89 is not correct and, in spite of the qualification at the foot of 
p. 91, the artificiality introduced cannot be thought worth while in view of 
the harm it might do in an obvious connection to a first reading of the subject; 
the cogency of Prandtl’s boundary layer conception needs no emphasis. 
Finally, objection may be made to the frequent use of “ partial vacuum to 
describe the pressure reduction of aerodynamics. Density variation effects 
do occur, but they are essentially incidental and negligible imtil, in extreme 
circumstances so far as present-day aeronautics is concerned, they become 
an unmitigated (and insoluble) nuisance. This was a great point duly made 
in Vol. I, and it is a pity to raise the trouble in the mind of the reader all over 
again. The books have been carefully translated by Drs. Rosenhead and 
Den Hartog and are admirably produced and beautifully illustrated. 

N. A. V. P. 
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A Text^-book of Applied Hydreulice. By Hsubert Addison, M.Bo., 
Assoc.MJnst.C.E. [Pp. xii + 409, with 315 figures.] (London: 
Chapman & Hall, Ltd., 1934. 21r. net.) 

This is an attractive text-book which will appeal to Engineering students 
who do not intend to speciahse in this subject. Practically every phase of 
Hydraulic Enginoonng is touched upon, though perhaps somewhat too 
superficially for those reading for University degrees. In general, the subject 
matter is that of the older English and American text-books of Hydraulics, 
though rewritten m a clear and refreshingly concise meumer. 

Text-books which offer simple outlines of complex subjects usually invite 
adverse criticism, and this one is no exception. The intention “ ... to 
present a compact summary of the fundamental principles of hydraulics,” 
expressed in the preface, is hardly fulfilled, since much of the condensation 
IS at the expense of necessary qualifications ; in fact, so much so, that some 
of the treatments become misleading. 

The whole subject of the specific speeds of turbines and pumps is intro¬ 
duced and discussed without appropriate reference to blade angles or to 
cavitation. The latter is certamly discussed independently in a short though 
good paragraph at the end of the chapter; but the connection between 
specific speed and blade angle does not appear even to be mentioned, and 
the reader might well obtain the erroneous impression that the specific speed 
of a turbine runner was primarily decided by its external proportions. 

Practically no reference is made to the theoretical and experimental 
advances of the past twenty years which have done so much to remove 
hydraulics from the impasse it had then reached. This is a pity, since ono 
feels that a text-book should at least give a student sufficient groundwork 
to enable him to appreciate the tendencies of modem design. 

Despite those and other faults, and an occasional irritating suggestion of 
the schoolroom, the general clearness of conception and exposition will appeal 
to a wide range of students—possibly to a wider range than the author 
intended. His warning that it is intended as a basis for the study of more 
detailed treatises should not bo overlooked. 

Both author and publishers are to bo congratulated upon the manner in 
which the algebraic treatment is set out, and also upon the excellence of the 
diagrams and illustrations. 

C. M. W. 

CHEMISTRY 

A Comprehensive Treatise on Inorganio and Theoretical 
Chemistry. Vol. XIII, Fe (Part II). By J. W. Mbllob, D.Sc.. 
P.R.S. [Pp. X 4*^48, with 381 figures.] (London, New York, 
Toronto : Longmans, Green & Ck)., 1984. 63s. not.) 

Dr. MelIiOR is approaching the end of his gigantic task, and but two volumes 
remain to complete a monument of which he and British chemists have 
every reason to be proud. The present volume continues the subject of 
iron and deals with the mechanical, thermal, optical, electrical and magnetic 
properties of iron and iron-carbon alloys. The chemical properties of iron, 
the corrosion of iron and steel, the valency and atomic weight of iron, pas¬ 
sivity, alloys and mtermetallio compounds of iron, oxides and hydrates of 
iron, the ferrites, perfemtes and ferrates are also considered. The subjects 
are treated in the exhaustive manner now so well known. Some idea of 
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Dr. Mellor *0 thoroughnesR may be gained from the fact that this volume 
contains approximately 198 pages of reforenoos and a rough computation 
indicates that these pages contain between twenty-five and thirty thousand 
individual references. 

The present volume should appeal to a class who may not be special||r 
interested in the work as a whole» namely, those concerned in the numu- 
facture and use of iron and steel in their many applications since it is a 
very complete index to the properties of these materials. 

O. L. B. 

Handbucli dor Anorganiachen Chsmie. Absgg, Aukrbach, Koppsl. 
IV. Band, 3.Abteilung: Die Elements der S.Gruppe dee 
periodiechen Syeteme. Zweiter Teil: Eieen and seine 
Verbindungen. Edited by Dr. 1. Koppel, Berlin. fPp. xii -f 222, 
with 96 figures.] (Leipzig: 8. Hirzel, I9B3. R.M. 2100, paper 
covers.) 

This volume mcludes articles on Passivity, by Dr. Veszi, Corrosion and 
Chemical behaviour, by Dr. Schikorr, the systems Iron oxygen, Iron carbon 
hydrogen, Iron hydrogen oxygen. Iron carbon oxygen, by Dr. Hofmann, 
and the application of the above systems to the metallurgy of iron by the 
general editor. Prof. I. Koppel. 

Dr. Veszi’s contribution on passivity appears at first sight to bo some¬ 
what brief, yet references are given to over four hundred and sixty papers, 
and evidently a great deal has been compressed into a small volume. Little 
discussion is given to the theories of this phenomenon, the author taking 
the view tliat since passivity is not confined to iron it is better treated in 
a more general way. Yet it must not be forgotten that the bulk of these 
theories have been put forward as the result of experimental work on iron 
and that one would naturally look in a work such as this for these theories. 
Moreover, it is true that in actuality we need only oonsider the oxide film 
theory, yet a critique of the other theories may even to-day play a useful 
part. Wliat a tribute the survival of the film theory is to the genius of 
Faraday. 

Dr. Sohikorr’s article on Corrosion is excellent, yet pride of place must 
be given by the reviewer to the tmatment of the Iron, oxygen, hydrogen, 
carbon systems, by Dr. Hofmann, and the application of these systems to 
everyday practice in the blast furnace by Prof. Koppel. A perusal of these 
chapters shows the enonnous amount of experimental data which has been 
detennined, and how far the iron mdustry has advanced from the rule-of- 
thumb methods of only about a generation back. 

In common with the earlier volumes of Abegg references to all the moie 
important papers are given, and as far as these were checked were found 
to bo accurate. This volume fully realises the high scientific ideals of its 
predecessors. 

H. T. 

Laboratory Manual of Colloid Cbemiatry. By H. N. Holmes. Third 
Edition. [Pp. xviii -f 229, with 60 figures.] (New York: John 
Wiley & Sons, Inc.; London; Cliapman & Hall, Lid., 1934. 20«. net.) 
In his preface the author states, rather quaintly, that the field of colloid 
ohemistry has broadened greatly since 192di hence this enlarged edition 
of hia useful laboratory manual, Oliapters have been added on adsorption, 
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fhim solution and from vapour, and on cataljmis; and the arrangement of 
the book has been improved so that it covers the whole subject in an orderly 
manner. As a text-book, it suffers from some lack of balance from two 
causes. Odd titbits of information are too often interpolated. And a 
oertam American bias leads to literature references being given which are 
not fundamental but subsidiary papers or books. The chapter on viscosity 
illustrates this ; it is inadequate £uid misleading. Bingham's work on pastes 
is given ; Staudinger’s name is not even mentioned ; nor any of the char* 
actoristics of the viscosity of lyophilio colloids. The historic method of 
Devaux for examming surface dims is described as a modification of the 
Langmuir trough method. The value of this book is, not, as the author 
supposes, for self-teaching smee supervision on theoretical xxnnts is required, 
but to lecturers and demonstrators m physical and colloid chemistry. To 
thorn it should be of great value ; 240 experiments are included, full practical 
details being given for a large number of them; and there are 60 figures. 
The binding is vermin- and water-proof. 

A. S. C. Lawbbncb. 

Introductory Colloid Chezzilstry. By H. N. Houses. [Pp. xiv -f 108, 
with 34 figures,] (New York : John Wiley & Sons, Inc. ; London ; 
Chapman A Hall, Ltd., 1934. I5s. 6d. net.) 

Thebe is a very real need for a good introductory text-book on colloids, 
but this cannot be so described. It is an interesting elementary book on 
colloids, but not an mtroduction to the theory since fundamental points 
and definitions are not dealt with adequately or, even in some cases, accur¬ 
ately. The Tyndall effect is wrongly desenbed, nor is it mentioned that 
Faraday discovered it. The section on monomoleoular films is prefaced by 
the remark tliat “ such films have, of course, but one colloidal dimension.*’ 
The order is not good. On p. 4 it is remarked that colloid chemistry might 
bo called surface chemistry, but the properties of surfaces are not dealt with 
until three-quarters of the way through the book and surface tension not 
till p. 60. Nor iH the Gibbs equation ever given although mentioned. Classi¬ 
fication of colloids 18 not discussed imtil nearly half-way though—^in the 
chapter on gels—which may account for the categorical misstatement, on 
p. 2, that colloids are two-phase systems. The writer has succeeded in 
writing an mteresting book on colloids; it fails as a text-book for that 
reason. In the chapter on soaps, their use as lubricants in wire drawing 
receives as much sjiace as the statement of McBain’s fundamental researches. 
These characteristics may make the book appeal to those who want an 
interesting reference book on colloids rather than a sound mtroduction to 
the theory, 

A. 8. C. Lawbbnoe. 

The Kinetica of Chamioal Change in Gaseous Systems. By C. N. 

Hinshelwood, M.A., F.R.8. Third Edition. [Pp. vi 4- 392, with 

17 figures.] (Oxford : at the Clarendon Press ; London : Humphrey 

Milford, 1933. 16a. net.) 

This is the third edition in seven years of Mr. Hinshelwood’s widely read 
book. The first appeared in 1926 when the mtensive experiment^ and 
theoretical study of gas reaction kinetics now so much a feature of ohemioal 
literature was just beginning, and an excellent way of getting an impression 
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of the retnarkable development ainoe then is to oompcu*e the successive editions 
of this book. It must also be true that the really admirable clarity of Mr. 
Hinshelwood's writing has done much to foster this research activity^ by 
exposing the fascination of the problems awaiting attack. The present 
edition completely supersedes its predecessor. It is much larger, but even 
so it has not been possible to present as complete a statement of the relevant 
experimental work. Equally, it would be impossible even if it were desirable 
to discuss all the detailed theoretical speculations attempted in recent years, 
although the reviewer regrets that the work of Pelzer and Wigner on the 
calculation (1981) of the absolute velocity of the ortho-para hydrogen trans¬ 
formation does not find any place, since this represents a fundamental advance 
in method. 

Tlie introductory chapter providing the necessary background of kmotic 
theory has been enlarged to mclude an excellent introduction to quantum 
mechanical principles. The other new material is concerned mainly with 
homogeneous catalysis of gas reactions, and with cham reactions, and forms 
an excellent siunmarizing discussion of the large amount of work published 
from Mr. Hmshelwood’s laboratory. There can hardly be any need to 
recommend a book so well known as this to students of chemistry ; for 
them it is mdispensable. But also scientihc workers in subjects allied to 
chenustry will find here an excellent guide to an understanding of at least 
some of the more important factors that decide how fast a chemical reaction 
takes place. The book is printed in large clear type on good paper, and its 
pnee seems very modest mdeed, for these days. 

B. T. 


The Electronic Structure and Properties of Matter. By 0. H. 

Douglas Ci^k, M.Sc., A.R.C.S., D.I.C. [Pp. xxvi -f 374, with 33 

figures.] (London ; Chapman & Hall, Ltd., 1934. 2U. net.) 

This volume consists of a general introduction to the electronic structure 
of matter (Part I), and a more specialised treatment of physical properties 
and molecular constitution (Part 11). It is to be followed by volumes on 
X-rays and the Structure of Matter, Molecular Polarisation, Molecular Spectra, 
the Baman Effect, and an introduction to Quantum Mechanics. Others 
are in contemplation on matters of special chemical importance. 

The present volume is in the mam oonoemod with the periodic oletssifica- 
tion of the elements, and m Part I this is explained in terms of the electronic 
structure of the atom. In this section the evolution of the terminology of 
the quantum numbers and the present position are adequately dealt with. 
In Part II are chapters on melting and boiling points, on atomic and molecular 
volumes, on atomic and ionic radii, on electrical conductivity of pure sub¬ 
stances, on magnetic susceptibility, eund on cohesional and other properties. 
The author has in mind the explimation of all the above properties, as far 
as this is possible, in terms of electronic structure. 

It is difficult to assess the value of the author’s plan as a whole, but 
there is little doubt about the present volume. No other book in English 
covers the same ground, nor is there anything written from the same point 
of view. The author is very sparing of words, and a very large amount 
of information is compressed into a small space. The book is ideal for 
readers requiring to make a rapid survey of a particular field of research, 
for the author has very ably correlated his material. The work of correlation 
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must have entailed a good deal of hard work. As a work of reference it is 
worth its price for the content of the tables alone. It is, nevertheless, not 
easy reading, for the author delves rather deeply into the tlieoretical basis 
of the subject at times, and is unable in his limited spueo to help a lame dog 
over a stile. He gives references to fuller treatment m Vols. 2 and 8, which 
have not yet appeared, so perhaps this fault is not so great as it would 
ap{>ear. 

The scope of Part II reminds one of the classical work of Smiles on 
Physical Properties and Chemical Constitution, but the comparison brings 
to min d the remarkable chainges that have occurred m point of view since 
that book was published in 1910. 

It IS undoubtedly a valuable work of reference and will be very useful 
to students. As a stimulation to research it is possibly the next best thing 
to a book written by a researcher Inmself. 

W. E. G. 


A83rmmetric S3mthe8is and Arnymm^ttie Induction. By Patetok D. 
Ritchie, B.Sc., Ph.D. [Pp. x -f 155, with 3 figures.] (London: 
Humphrey Milford, Oxford University Press, 1933. la, (Ul, net.) 

The literature dealing with asymmetric synthesis and asymmetric induction 
18 scattered and, until the appearance of this book, no adequate account 
of these subjects has been available in English. Apart from the light 
asymmetric synthesis may throw on the intriguing problem of the origm 
of optically active organic compounds in nature, the subject is undoubtedly 
of great interest from the p>omt of view of theoretical organic chemistry, 
since it suggests another method of approach for the study of the mechanism 
of orgamc reactions. Many of tho expenmental results obtained in certain 
well-known rearrangements where the storting materials are optically active 
suggest that the mechanisms of these rearrangements now generally adopted 
must be at fault. Recent work m this field does not seem to have received* 
sufficient attention, and for this reason the present volume is particularly 
welcome. 

The author has collected together practically all the material bearing 
on the two topics of his title, with ample references to tho literature, mid 
presents it in an attractive and readable manner. Tho book is more than 
a compilation, smeo the evidences are considered critically and, though all 
may not agree with the author on all points, his views and criticisms are 
worthy of consideration. 

O. L. B. 

Tautomerism. By John Wihliam Bakeb, D.Sc., A.R.C.S., F.I.C. [Pp. 
viii -f 332, with 4 figures.] (XiOndon ; George Routlodge & Sons, 
Ltd., 1934. 25a. net.) 

The title of this work is imfortunate as it conveys little idea of the contents. 
The book is, in fact, the first comprehensive account of the interpretation 
of the meclianism of organic chemical reactions on modem electronic views, 
the only notable omission being benzene substitution. Bince, however, the 
notion of tautomerism is almost implicit in the electronic conception of 
reaction, the title is not incorrect if it be realised tliat it is not used in the 
restricted sense of classical tautomerism. 

The need of such a book was obvious. In the first place the ideas with 
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which it deals, though open to criticism in details, are patently a step in 
advance since they provide, for the first time, an explanation of experimental 
£aots which the older organic chemist was content, or rather compelled, to 
accept without reason. Why, for example, tertiary butane could be directly 
nitrated or a tertiary alcohol lost water more readily than a primary one, 
why m the addition of halogen acids to propylene the halogen went to the 
^-carbon atom, why phenol was a stronger acid than alcohol and why the 
Crum Brown-Gibson rule worked and so on. The theory has now been 
applied extensively throughout organic chemistry and, apart from a few 
dif^culties, with outstanding success ; such difficulties as exist probably 
indicate that it is still m too simple a form rather than that it is fundamentally 
unsound. 

Secondly, the electron theory as applied to orgamo chemistry has developed 
with great rapidity and, as a natural consequence, has undergone kaleidoscopic 
changes. The only available sources of information have been the original 
papers of those responsible for its development and the Annual Reports of 
the Chemical Society but as modifications of views have been frequent and 
the subject somewhat mtricate it has been difficult to obtain a satisfactory 
picture of the position. A stage has now been reached, however, when 
most of the pitfalls have been appreciated and the theory has, in outline 
at least, reached a position of stability. Dr. Baker has enunciated it m 
considerable detail with all the important experimental work in support. 

In so complicated a subject it is impossible for a reviewer to criticise the 
matter of the book, discussion of a single point would be apt to range over 
a considerable part of the domam of organic chemistry. The author seems 
to have been very successful in presenting the views of the authorities, but 
here again only one or two people are ooinpi^tent to express an opimon. 
The book is not an elementary exposition of the subject and requires careful 
reading, it would, perhaps, have been an advantage if the author had been 
a little more merciful on those not brought up in close contact with the 
clectrtinic theory, and had devoted more space to explanation at the cost 
of some of the examples. The tyjiography is at fault m that the formulse 
which really matter, that is those indicatmg electron displacements, are 
too small, ordinary structural formuIsB, strangely enough, are printed in 
larger type. 

Dr. BeUcer, however, has earned the gratitude of organic chemists by 
undertaking a most difficult task with conspicuous success, and there is no 
doubt that his book will be in great demand by both research workers and 
advanced students of the subject. 

O. L. B. 


Organic S3rntheaM. Vol. XIV. W. W. Hartman, Editor-in-Chief. [Pp. 
viii 4- 100.] (Now York: John Wiley & Sons, Inc.; London : 
Chapman & Hall, Ltd., 1934. 10s. 6d. not.) 

Ttas new volume of a work now well known to all organic chemists describes 
tested methods for the preparation of aoeto-p-oymene, benzanthrone, benzo- 
pinaool, ^*benzo-pinaooline, o-bromophenol, ^-chloroethyl methyl sulphide, 
deoamethylene glycol, diazoaminobenzene, ^-diethylaminoethyl alcohol, 2 : 
6 '4imethylpyridine, diphenyl sulphide, ethyl aoetosuccinate, gallaootophenone, 
glycerol a-y-dibromhydrin, glyome ethyl ester hydrochloride, p-hydroxyben- 
flsoio acid, 2-hydroxy <3; 6-diiodobeiizoic acid, ^-hydroxyethyl methyl sulphide, 
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({{-methioxime, 6-methylfurfural* ^-nitrodiphenyl ether, nitromesitylene, 
p-nitrophenyl isocyanate, nitrothiophene and d/-^-phenylalanino. 

In an appendix later references to preparations in the preceding volumes 
are given and a number of additions and corrections. The index contains 
references to material in vote. X to XIV, that is to all that published since 
the collective volume. 

O. L. B. 

A Practical Chemistry for Higher School Certificate and Inter¬ 
mediate Students. By G. P. McHugh, M.Sc,, Ph.D.(Lond.), 
M.Ed.(I)unolm.). [Pp. viii -j- 117, with 17 figures.] (London, Now 
York, Toronto : Longmans, Green & Co., 1934. 2s, 9d, net.) 

This is a small laboratory text-book for elementary students. Section I 
contams the usual reactions of the common motals and acids, and a scheme 
of analysis of simple mixtures. The working instructions are good, and the 
theory of the group separations is found opposite each table, which leads 
to a better undorstandmg of analyticai procedure and discourages a merely 
mecliamoal routmo. Section II on Volumetric Analysis is adequate, but 
not every teacher would adopt the methods of calculation employed. In 
Section III a few morganic and organic preparations, and the tests for 
elements in organic comiK>und8 are given, together with three quantitative 
exercises which seem rather misplaced m this section. The sensitivity of 
Smith’s phosphate separation (p. 39) is obviously understated ; the test for 
nitrate m presence of nitrite (p. 62) will always give a positive result as the 
equation shows ; the mtrate-hahde test (p. 63) is ambiguous, and the double 
formula of potassium permanganate is obsoloto. The book is moderately 
priced, its contents are well arranged and presented and it will doubtless 
hold its own agamst many similar publications. 

J. N. S. 

Tlie Chemistry of Petroleum Derivatives. By Carleton Ellis. [Pp. 
1286, with 48 figures.] (Now York ; The Chemical Catalog Co., Inc., 
1934. $18.00.) 

This remarkable volume appears at a particularly mterosting time, when 
the chemist is becommg increasingly sucoessful in treating the constituents 
of petroleum as raw materials for chemical reactions, mstead of dealing 
with the whole mixture m the more crude and brutal fashion only os a 
source of fuel, lubricants, and constructional material. 

Tlie completeness with which the Author (and his collaborators) has 
fulfilled the title of the book is claimed in the followmg sentence from his 
preface : “ Every effort has been made to make it complete and to include 
m it references to all published material of both purely scientific and industrial 
interest as well as to the vast amount of information contained in patents 
on the subject.” An examination of this claim shows that very little has 
escaped him. 

The whole tremendous subject is dealt with in fifty chapters, logically 
developed ; and the reader has a pleasant feeling that the author’s main 
object 18 to help him tlirough the complication of the details supplied, rather 
than to do justice to the subject as such. All matters are simply and clearly 
described, and the 162 tables and numerous summaries are of continual 
assistance. 

The author interprets his title widely, and covers the chemistry of pro- 
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duotion em well aa the chemistry of use, whether this be of scientiiio import¬ 
ance or of practical value. Probably the most prominent amongst the mterest- 
ing examples that can be quoted are those of the production of synthetic 
rubber, gum-formation in gasoline, and the production of new solvents. 

The delay m the detailed soientiilc attack on petroleum has been the 
result of the great difficulty in the separation of the components in pure 
form. For this reason it is of great interest to have brought together the 
highly refined methods of laboratory fractionation and of gas analysis, amongst 
the other methods of exammation and analysis that are given. 

The richness of the whole book is augmented by the collection of refer¬ 
ences that approach 10,000, and cover work done m over fifteen “ research 
countries.** It is a remarkable tribute to the production of the book that 
no miaprmts have been noticed ; and one feels almost apologetic in pomting 
out a single error (so far discovered) in the Index, where Carbenea, p. 671, 
has been omitted. 

This book 18 an outstanding production, a most valuable conspectus of 
a vast and complex subject. 

P. E. S. 

The Hardness of Metals and Its Measurement. By Hugh 0*Neiix, 
D.Sc., M.Met. [Pp. XIV 4 292, with 119 figures, mcludmg 24 plates.] 
(London: Chapman & Hall, Ltd, 1934. 26«. not.) 

Dr. O’NbxUu has devoted many years to the study of the hardness of metals. 
It is therefore appropriate tliat he should have written this book. Hardness, 
like strength, toughness and ductility, is difiicult to define, for like those it 
is not a simple property of metals but a term used to denote a particular 
aspect of their response to applied force. In general, it means response to a 
force applied m such a way os to produce indentation, and hardness tests 
are methods of mokmg and measurmg mdentations. When force is applied 
in other ways different measurements are made, but as all the quantities 
determined by tests ultimately depend on the same fundamental attributes 
of metals, the results obtained by one method ore not mdefiendont of those 
obtained by others. Thus the consideration of hardness leads to the general 
consideration of the relations between stress and elastic and plastic deforma¬ 
tion and thonoe to the other manifestations of these relations, namely, tensile 
strength and ductility. 

Of the nine chapters in the book three deal with the methods of measuring 
hardness, five with the relations between hardness on the one hand and 
general mechanical properties, treatment, composition, constitution and 
structure on the other. One deals with abrasion, mewhmability and cutting 
hardness. A large amount of useful information is brought together for the 
first time and this book should take its place along with the other monographs 
published in recent years for the use of those who are seriously interested 
in metals. 

J. M. R. 

Industrial Radiography. By Anobl St. John, Ph.D., and Herbert R. 
ISENBURQER. [Pp. X 4* 232, With 70 figures.] (Now York : John 
Wiley & Sons, Inc.; London : Cliapman & Hall, Ltd., 1934, 21s. 6d. 
net.) 

This is a well illustrated account of the use of X-rays and radium m the 
examination of various atruoturee and articles and particularly those pertain- 
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ing to Engineering. Some common defeoto in castings, forgings and welds 
are described by the aid of radiographs or exographs as the authors of this 
book call them. There is no doubt that the development of radiography has 
placed a searching and potent weapon in the hands of the engineering 
inspector ; moreover, the method is non-destructive and non-hanniul. If 
this book has a fault it is that not sufficient emphasis is given to the limitations 
of the method. It must not be imagmed that all faults to which metals are 
liable can be positively detected by radiography For example, hair Imo 
cracks which luive very serious importance in steel structures are not generally 
detectable by this method. Further, although the method of shift or stereo¬ 
scopic radiography has very valuable use in localising a haw it must not be 
I'egarded as possessing absolute accuracy m all cases. Perhaps one of the 
most important apphcations of radiography is in tlie examination of welding, 
but here again perhaps the most serious defect to which welds are liable, 
that is non-penetration, may or may not be detected, depending upon the 
accessibility of the weld, its thickness, shape and so on. 

Considerable space w devoted to a discussion of theoretical matters con¬ 
nected with X-rays and X-ray apparatus, which though they may have value 
and mterest for the student who is beginning the study of radiography, they 
will not interest the engmeer whoso chief oonoern is to know what this now 
science can teach him concerning the faults and lesions in his materials and 
structures and how for he may rely upon its findings. An excolIt‘nt biblio¬ 
graphy of the subject is provided. 

V. E. P. 

A Manual of Foundry Practice. By J. Laing and R. T. Rolfk. [Pp. viii 
-f 276, with 160 figures.] (London : Chapman & Hall, Ltd , 1934, 
16s. net.) 

This book, os its title indicates, deals with the subject of the art and practice 
of founding metals to shapes. A very praiseworthy effort has been made 
by the joint authors to contribute a manual for those interested in the founding 
of metals, in which both the science and the art underlying the successful 
production of castings is expounded and presented in a concise and lucid 
manner. Modem foundry practice is no longer wholly dependent for success 
upon the rule-of-thumb methods of past decades, although, admittedly, many 
of the best of such methods are still retained as being eminently practicable. 
Science, as a result of intensive research work, is contmually yielding up 
many of its metallurgical secrets, and day by day scientific prmciples and 
control are being introduciKl to the foundry to the mutual advantage of both 
the supplier and the user of metal oastmga. It is from this aspect that the 
manual under review has been written. 

The text is comprised of eleven ohaptors : I, The Principles of Moulding 
and Core-Makmg ; II, Core-Making ; III, Mouldmg Tackle ; IV, Mouldmg 
Technique; V, Plato and Mochmo Mouldmg; VI, Moulding and Running 
in Relation to Design ; VII, Loam Mouldmg ; VIII, The Metallurgy of Cast 
Iron ; IX, The Melting of Cast Iron ; X, Sj^ecial Methods of Production- 
Chill and Malleable Cast Iron ; XI, Non-Peirous Founding. 

As will be seen from a glance at the foregoing contents, the authors have 
attempted to cover a very wide field—too wide, in foot. The founding of 
metals is too encyclopaedic a subject to bo adequately covered within the 
pages of one small volume. This is made apparent when one disoovera, for 
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instance, that the important subject of non-ferrous founding is dismissed in 
a single chapter of fifteen pages. 

The manual may be regarded as a text-book for the foundry apprentice, 
and likewise for the assistants to the foundry metallurgist. The foundry 
craftsman will find much that is familiar to him m the daily routine of foundry 
practice, but will derive pleasure and profit from a careful perusal of this book. 

W. L. 


GEOLOGY 

La G6ologie et laa Mines de la France d'outre-mer . By many authors 
under the auspices of the Burcuiu d’fitiidt« g^logiquos et mini^ros 
coloniales. [Pp. vm -f- 604, with 38 figures and 2 plates.] (Paris ; 
Socii^t^ d’fiditions G^ographiquos, Maritimes et Coloniales, 1932.) 

This finely pniduced and comprohonsive work contains a full up-to-date 
summary of the geology and economic mineral deposits of all the French 
colonies and dependencies. It represents the first-fruits of a combined 
movement by the French Govenimeni and certain powerful industrial mten^sts 
towards the fuller development of the mineral resources of French overseas 
possessions. A syndicate entitled ComtU (Vetudea min%i.res pour la France 
d^outre met was founded, and this in turn set up a Bureau d'etudes geologiquea 
et mtmirea coUmialea which was charged with the investigations under review, 
in which Prof. A. Leuiroix, the authority par excellence on the geology and 
mineralogy of the Fnnch colonies, has played the most important part. 

The substance of tins IxKik was given in a course of leMjtures during the 
winter 1931-32 by its compilers It does for the French colomes what 
Reed’s woU-known book did for the geology of the British Empire, and 
brings together an immense amount of valuable but scattered information, 
especially in regard to the less w(dl-known French possessions. It is good 
to liave these compact accounts of the geology and mmeral deposits of 
Algeria and Tunis (128 pp.), Morocco (62 pp.), French Indo-Chma (60 pp.), 
French West and Equatorial Africa (80 pp ), Madagascar (60 pp.), and so on. 
Bach chapter gives a geographical sketch of the region dealt with, followed 
by stratigraphy, igneous rooks, tectonics, and mineral deposits, closing with 
a useful bibliography. Included in this volume is a chapter on petroleum in 
French possessions (63 pp.). The two plates are geological maps in two 
colours of Northern Africa and of French Africa respectively, and most of 
the text figures are well-drawn geological maps and sections. Full subject 
and geographical indexes have been provided. This book represents a most 
valuable contribution to genera! regional geology as it provides information 
hitherto not readily obtainable regarding some geologically Uttlo-known 
countries. 

G. W. T. 

Lea Resaourcea znin^ralea de la France d’outre«mer. I. Le 
Charbon. 11 . LeFer. By memy authors under the auspices of the 
Bureau d’fitudos g^ologiques et minidres colomalos. [Part I, pp. vi -f 
246, with 33 figures ; Part II, pp. iv 4* 436, with 69 figures.] (Paris : 
Soci4t6 d’iSditions Gkkigraphiques, Maritimes et Coloniales. Part I, 
1933, Frs. 24 ; Part II, 1934, Frs. 36.) 

Tmsss volumes represent the first two parts of a work in four parts which 
is designed as a sequel to La G6ologie et lea Mines de la France d'outre mer, 
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which is reviewed above. The substance of these compilations was given by 
the authors concerned m a series of locturos delivered at the Mus6e d*Histoire 
Naturello in Paris during the winter 1031^33 under the auspices of Prof. 
Lacroix. In the first volume of this series, which was devoted mainly to 
geology, the accounts of mineral resources were necessarily condensed. In 
the volumes under review the information regarding mmeral resources is 
greatly expanded m respf>ct to their descriptive and ot^onomic aspects. The 
general plan of each contribution is os follows : character of the mineral 
deposits ; forms m which they are usually founil; depiosits in the French 
colonies and in t)ie world ; metallurgy ; uses ; statistical data of production, 
consumption and markets. 

As regards coal Algeria, Morocco and Indo-China are the chief centres 
of production, but coal also occurs in Madagascar and Now Caledonia, although 
its economic possibilities have not yet been ascertamed. 

The second volume surveys ores of iron and of eUiments used m iron 
metallurgy such as raangantwe, chromium, nickel, tin, tungsten, graphite, 
beryllium, molybdenum, cobalt, titanium, and vanadium. 

In both volumes an immense amount of valuable and out-of-the-way 
information hitherto scattered in numerous publications has been brought 
together in compact form. Economic geologists will find m them a rich 
quarry of material both for academic and industrial purposes. 

G. W. T. 

Outlines of Physical Geology. By C. R. Longwell, A. Kkopf and 
H F Flint. [Pp. v -f 356, with frontispiece and 297 figures.] 
(New York : John Wiley & Sons, Inc. ; London : Chapman & Hall, 
Ltd , 1934. 185. 6d, net.) 

The parent book, PhymecU Geology, from which this shorter version has been 
prepared, was reviewed in Science Progress (Jan. 1934, 556). While this 
book IS simpler and less comprehensive than the longer and more detailed 
work, somc5 sections liavo boon amplified so as to ensure greater clarity in 
treatment, and technical terms have been used much less freely. The 
number of chapters has also been reduced by combining subsurface waters, 
lakes and swamps in a single discussion, and by omitting a chapter on the 
interior of the earth, although some aspects of this subject are dealt with in 
connection with earthquakes and mountains. As in the larger work the 
illustrations are numerous, well-selected, and excellently reproduced. Many 
of them are quite new, having been specially made for this book. The new 
weapon of ae^rial photography which is so effective in geological illustration 
has been frequently employed to good purpose. The book is very well written 
and can be recommended to geological students as one of the boat of recent 
texts. 

G. W. T. 


Dip and Stzdke Problems, matbematically surveyed* By K. W. 

Earle, D.Sc., F.G.S. [Pp. x -f 126, with 122 figures and 1 folding 
plate.] (London : Thomas Murby <k Co., 1984. 12s. 6d. net.) 

Dip and strike problems may be attacked by graphical or geometrical con¬ 
structions, by trigonometrical methods, and by tables constructed from 
trigonomotncal formulBB. The first method has been mainly used by practical 
geologists, but as the author of this book points out, this method involves a 
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different construction and figure for each problem, and is susceptible of only 
an approximation to accuracy. Hence Dr. Earle has turned to the somewhat 
neglected trigonometrical methods of which the formulse can be applied to 
each and every problem of the same kind. The book therefore provides 
mathematical solutions of vanous problems, including the calculation of true 
dip, the thicknesses of strata, dip and strike of underground Be€ucns encountered 
m bore-holes, lengths of headings and adits, axial piano directions of anti¬ 
clines, throw, heave and liade of faults from surface and underground observa¬ 
tions and from the displacement of surface outcrops m anticlines and synclinos. 
Glancing through the work it seems to the reviewer that some of the formulae 
are more complex than is necessary in dealing with variable data tliat are 
only roughly amenable to mathematical treatment. The author concedes 
that the formulse, notwithstanding their exactitude, can only give approximate 
accuracy, and bos attempted to eliminate error by smoothing out the variables 
111 the data. Apart from inherent limitations which are frankly confessed by 
the author, the treatment is excellent, and we are particularly impressed 
with the value of the chapti^rs on faults and faulted anticlines and synclines. 
The work concludes with a good glossary of structural terms, and a biblio¬ 
graphy which might, perhaps, have included Bailey and Robin Willis’s 
Qcologic Structures, 

G. W. T. 

BOTANY 

The Families of Flowering Plants. II: Monocotyledons. By 

J. Hotchinson, F.L.8. [Pp. xm + 243, with 107 figures.] (London : 

Macmillan <& Co., Ltd., 1934. 20^. net.) 

In this volume Dr. Hutchinson presents the Monocoiyledonous families m a 
considtirably alt<^nid arrangement approximating more closely to the modem 
concepts of affinity. The most drastic modification is the regrouping of the 
Lihales and the Amarylbdalos with the Alstroemerialos as a separate cohort. 
The Amaryllidalos are held to be characterised by the possession of an 
umbellate inflorescence, rather than by an inferior ovary, and, in accord 
with this concept, the Agapanthoie, the Alhea} and the Gilliesiese are included 
in this group. The Alstroeraonaceap are placed with the Peterrnanmaoeac 
and the Philosioceae. Groat importance is attached to the differentiation of 
the perianth into calyx and corolla and the Butomacese are held to be primi¬ 
tive representatives of the senes characterised by a homogeneous ponaixth, 
whilst the Alismatalos constitute the original stock from which the typos 
with a hotorogoneoufl perianth are held to have been derived. The Orchidales 
are here related to the Hesmodorales directly and to the Burmonniales 
indirectly. 

As m the previous volume the author has moreased the number of families 
by subdivision, but since the presumwl relationships are clearly indicated 
the disadvantages of the multiplication of groups is largely overcome. The 
numerous figures include about a dozen distribution maps together with habit 
drawmgs and dissections of characteristic representatives of many of the 
families. 

The book is a thoughtful and original contribution to the taxonomy of 
the monocotyledons, and although exception will doubtless be taken to some 
of the author’s innovations, students cannot fail to find the work both helpful 
and stimulating. 


E. J. 8. 
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VbM GramliiM. A Study of Cereals, Bamboo, and Grass. By Aomm 
Arbbb, M.A,, D.So. tPP‘ 3 cvii -f 480, with coloured Oxmtmpieoe and 
212 figures.] (Cambridge : at the University Press, 1934. 30s. net.) 

It is with anticipatory pleasure that we open a new work from the pen of 
Mrs. Arbor, and those pages are written with her customary lucidity imd charm 
of style. 

There are, at present known, over 8,000 species of wild grasses, whilst 
of the cultivated cereals it has been estimated that the hereditary strains of 
wheat number millions, and over 2,000 varieties of rice have been recognised 
from the Philippines alone. 

With such a plethora of material it is scarcely surprising that, despite a 
distinctive and not very variable vegetative morphology, the grasses as a 
whole present a range of anatomical structure, of reproductive morphology 
and biological equipment that involves a large proportion of the problems 
which the higher plants offer for solution. Indeed, the grasses constitute 
so important a group, whether considered from their botanical or economic 
aspects, that any treatment of them within the compass of a single volume 
must necessarily be selective in its scope. 

Beginning with an account of the cultivated cereals the reader is here led 
on to that “ Pooh Bah amongst the grasses of economic importance, the 
Bamboo, to which no less than four chapters ore allocated. In this connection 
the author’s views on trees and shrubs, published in 1928, are here repoat(?d 
as Chapter V. The view expressed that the essential feature of the tree “ is 
not so much its size as the woodiness or fibrousness that means strength ” is 
open to considerable objection. In our view the fundamental quality of 
trees, which they share with shrubs, is the perennation of their aerial shoots. 
Woodiness is a quality found alike in trees and herbs, though in the latter 
in very varying degrees. It is the perennation, combined with increase of 
size, that creates the essential physiological problems of the tree habit, 
problems that are only partially shared by the giant herbs of the tropics 
such as the Banana. 

The argument for the derivation of trees from herbs based on the Legu* 
minoBie appears to us equally fallacious. Mrs. Arber would have us believe 
that the less-specialised flowers of many woody representatives of this family 
are the consequence of a lag in the rate of evolution as compared with that 
of the herbaceous genera with their earlier maturity and more frequent 
generations. But Mrs. Arber nevertheless assumes that these same woody 
types, which have been so laggard in floral evolution, have not been prevented 
from evolving the woody habit from herbaceous ancestors. But such a lag 
should affect all typos of evolution. Little as we know concerning the rate 
of this process, the comparative constancy of anatomical characteristics and 
fi^uent variability of floral morphology within a group suggest that the rate 
of evolution of the latter is more rapid than of the former. Furthermore, 
the validity of this assumption of an evolutionary lag in arboreal types is 
itself open to some doubt since evolution depends not merely on the number 
of new types but on their successful establishment and dispersal. If a tree 
takes longer to attain maturity and produce offspring than a herb, which is 
not always the case, such a difference is perhaps more than compensated for 
by the vastness of its productivity. One would require evidence that 
were, in general, more specialised than related herbiwseous t 3 rpes with dela 3 ^ 
maturation, before one could concede any significant importance to this factor# 



REVIEWS 


569 

If the Bamboos have a primitive floral organisation owing to a slow rate of 
evolution* their woodiness might well be due to the same cause* if we concede 
the pnmitivenosa of the fundamental physiological qualities which are 
involved in the perennation of large aerial shoots to which certain anatomical 
peculiarities are incidental. 

In these pages the more ecological aspects of the OraminesB have been 
intentionally omitted and little is included respecting their physiology, of 
which not the least remarkable feature is a capacity for absorbing and secret¬ 
ing such large amounts of silica. How and in what form this silica is absorbed 
and trons-located offers one of the most interesting problems in plant 
physiology. 

A great deal of the text is devoted to the features of reproductive morpho¬ 
logy which the grasses present in such variety. Mrs. Arber evidently has a 
passion for the microtome and* both actually and metaphorically, she often 
presents to us a succession of two-dimensional slices when wo should have 
welcomed a threc-dimensionod whole. The work throughout is profusely 
illustrated. The 212 figures which occupy some 160 pages actually comprise 
a very much greater number of separate drawings, but it is no exaggeration 
to say that over 60 per cent, of these are representations of microtome or 
other sections. The three-dimensional figures are not only comparatively 
few m number but regrettably small. 

The work is limited both as to its scojio and mode of treatment, but 
withm these limitations Mrs. Arber has provided an extremely readable 
account which all can peruse with profit and interest. 

E. J. Salisboby. 


Hooton Pagnall. The Agricultural Evolution of a Yorkshire Village. By 
Ahthttr G. Huston, D.Sc.* B.A.* and Denis Witney, B.Com. [Pp. 
viu -f 469, with 12 plates and 68 figures.] (London : Edward 
Arnold & Co., 1934. 26^. not.) 

Dr. Huston and Mr. Denis Witney have done well to put together the great 
mass of material they have accumulated m regard to the little viUago of 
Hooton Pagnell in Yorkshire. Many people have never heard of it: a 
discerning few know it as the homo of Sir Geoffrey Luterel who, in the early 
part of the fourteenth century, arranged for the production of the beautiful 
Luterel Psalter which is one of the treasures of the British Museum and 
one of the beet sources of mfonnation about medieval agricultural implements 
and cultivations. Apart from this the village hets no special interest; it 
has played no part in history and so, according to the cynic, ought to have 
had a happy life—^which probably it has. Certamly it has had a long life : 
it was alre^y somewhat important at the time of the Doomsday survey 
and it has never greatly changed its status. It is a good representative 
English village, with its long continuous history, its gradueJ evolution and 
its marked power of survival through all the changing circumstances of the 
passing years. The Saxon settlements have had remarkable vitality ; a 
large number of our towns and villages bear Saxon names, and the enormous 
growth of population in the eighteenth, nineteenth and twentieth centuries 
usually meant only an expansion and joining up of ancient settlements, not 
the creation of new ones. It is this feature of continuity that gives the 
English village its character : its solidity and durabihty stand as an enduring 
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memorial to the humble folk who lived there, and as a faithful expression of 
their character. 

Townspeople coming to live in the village do not always recognise this 
fact. They are mode to feel that they are foreigners, visitants from some 
outside world, and this impresHion persists till they have aligned themselves 
with the general current when they, m turn, will regard the new-comer as in 
some sense an intruder. 

Dr. Kuston’s assiduity in economic mvestigations is well known, and it 
has never boon bettor exon^lified than m this painstaking study which he 
and Mr. Witney give us of the village. Its course is traced from Norman 
times to the present day : oven the changes in field boundaries are recorded. 
Particulars are given with maps, showing the vanous enclosures and the 
evolution of the farm. There are some interesting curves setting forth the rela¬ 
tion of price of wheat to enclosure from 1780 to 1820, and the relation between 
prices of produce, wages, and rent. These show that the agricultural worker 
IS considerably better off now than ever before, for his wages stand at 90 per 
cent, above the pre-war level, while agricultural prices have risen only 5 per 
cent. Tlie landowner got nothing out of the period of high prices and has 
had to carry out his various obhgations at enhanccxl coat. 

The Land Tenure and Tenant Right problems of the village are traced 
from their beginnings. The book closes with a long chapter on Tithe and 
Glebe which is of particular interest in that Hooton Pagnell is free from tithe 
troubles that occasionally flare up m the eastern and southern counties : the 
authors show how this has come about. 

The authors have wisely given long extracts from contemporary docu¬ 
ments ; in consequence the book has value as an example of the sources 
from which village history is drawn. No small part of its merit lies in the 
fact that it shows students of economic history, of geography and of agriculture 
how to sot about exploring the history of any village in which they may be 
interested. 

£• J. Eussbll. 


ZOOLOGY 

Anatomy of Animal Types. For Students of Zoology. By E. A, Bbioos» 
D.So. IPp. XX -h 260.] (Sydney : Angus & Robertson, Ltd.; London : 
The Austrabon Book Co., 1934. 10s. 6d. net.) 

This volume consists of careful descriptions and instructions for the dissection 
of a number of types of animals, ranging from Amoeba to the rabbit. While 
this selection is no doubt admirable for Australian zoologists, their British 
colleagues will have less opportunity of deriving profit from this book since, 
of all the typos with which it deals, only about half a dozen are to be found 
in this country. 

The absence of any member of the Annelida is surprising, as is the omission 
of any reference to Nephridia. The absence of any figures may be useful 
in the long run, by forcing the student to make his own drawings and not to 
copy from those of the book, but it makes the morphological relations more 
difficult for the beginner to grasp. 


G. R. Dx B, 
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Th0 Anatomy of the Rhasua Monkey (Macaoa mulatta). By 

numerous authors. Edited by Carl O. Hartman and William L. 
Straits, Jr. [Pp. x 383, with frontispiece and 128 figures, including 
6 plates.] (London : Bailhdre, Tindall & Cox, 1933. 27«. net.) 

This attractively produced and beautifully illustrated book is nothing loss 
than a monograph on the anatomy of the Rhesus monkey, by a team of 
nineteen authors, compiled os a handbook to meet the increasing use of this 
type as a laboratory animal in America. This careful study of an mteresting 
member of the human family is a valuable addition to the small existing list 
of special anatomies, particularly as the morphological aspect is kept well 
in mind. 

G. R. DK B. 

Modes of Behavioral Adaptation in Chimpanzee to Multiple- 
Choice Problems. By Robert M. Ykrkbs. Comparative Psycho¬ 
logy Monographs, No, 47. [Pp, 108, with 8 figures.] (Baltimore : 
The Johns Hopkins Press, 1934. $1.50.) 

A Field Study of the Behavior and Social Relations of Howling 

Monkeys. By C. R. Carpenter Comparative Psychology Mono¬ 
graphs, No. 48. [Pp. 168, with 3 figures and 16 plates.] (Baltimore : 
The Johns Hopkins Pn^ss, 1934. $2.25.) 

These are two contributions from the Yale Laboratories of Comparative 
Psychobiology, the first being earned out at the Experiment Station in Florida, 
the other on the Barro Colorado Island m Lake Gatun, Panama. It is 
convenient to consider both together, for, os Yerkes points out, field 
studies and exf)enmental researches m animal behaviour should go hand m 
hand. 

Yerkes* contribution is a long delayed sequel to his well-known and 
classical study of the mental life of monkeys and apies published m 1916, 
He sharers with Kohler the honour of having initiated a new and fruitful line 
in the investigation of anthropoid behaviour. Experiments have been 
carried out by the ** multiple-choice ** method with sucoess on several species 
of birds and mammals, and it has certain advantages for the study of “ rela¬ 
tional learning.** The general plan of such experiments is as follows. A 
number of identical compartments are provided, one of which is the way out 
to reward and freedom. The correct comportment is not the same in con¬ 
secutive tests, but has a definite place in a group, and the group itself is not 
fixed. Thus it may bo the right-hand one of any set of compartments, or 
the middle one, or the second from the left, and so on. It will be seen that 
the problems set are difficult ones, and it is no surprise to find that even 
chimpanzees take a considerable time to solve them and not infrequently 
fail. Success gives evidonoe of the animals’ ability to grasp in practice 
abstract relations. Yerkes* experiments were carried out with four young 
chimpanzees, and altogether six different problems were given them. Ho 
found that m nearly 50 per cent, of the successful trials the solution came by 
sudden “ discovery ’* of the essential relation, and was fully retained in 
control trials. He holds that discovery is not necessarily present in leammgt 
but that the solution of relational problems by the chimpanzee is not usually 
achieved without it, even in cases where the solution appears to come 
gradually. In this power of discovery he sees the germ of ** those expressions 
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of human curiosity and originality which we call invention and research.’* 
He found the behaviour of his ohimpansees curiously impredictable, and ho 
noted that affective dispositions were all-important conditions of success. 
The monograph is important, and deserves careful study by the professional 
student of behaviour ; in particular, the discussion of the various processes 
and activities at present lumped under the name of “ loammg ” is worthy 
of close attention. 

Dr. Carpenter’s interesting study of the natural behaviour in the field of 
the Howling Monkey {AlouaUa jxtUicUa) is the third m a series of outdoor 
studies of primates in the wild, following upon Dr. Nissen’s study of chim¬ 
panzees m French Guinea and Dr. Bingham’s paper on the gorilla in the 
Belgian Congo. 

The Howlers are arboreal, inhabiting a definite ecological niche or norm, 
namely the dense, tall primary forest; they rarely descend to the groimd. 
They live in small groups or clans, each having a fairly definite territory of 
considerable extent, through which they wander by regular arboreal path¬ 
ways, from one favourite spot for feeding or sleep to another. The clans 
interfere very little with one another. They vary considerably in numbers 
of individuals—from four to thirty-five—and consist of males, females with 
young and females without young. The females greatly outnumber the 
males. The clan leads a peaceful communistic life ; fighting among the adult 
males is unknown, and they co-operate m leadmg the clan from one place to 
another. There is apparently no competition for sexual dominance, and 
mating seems to bo communal. In these respects the Howlers differ consider¬ 
ably from other monkey societies that have been described. 

Carpenter gives a very interesting and detailed account of the behaviour 
of the young, the mothers, and the other members of the clan. Though 
relatively indifferent to the young, the adult males assist m protecting and 
retrieving them. At least nine different kinds of cries can be clearly dis¬ 
tinguished ; the situations eliciting each, and the responses made are summed 
up in a Table on pp. 108-9, which gives a vivid picture of the Howlers’ daily 
hfe. 

E. S. Etjssell. 

Adaim’s Anceators, An up-to-date outline of what is known about the 
origin of Man. By L. S B. Leakey, M.A., Ph.D., F.S.A., F.R.A.I. 
With a foreword by Sir F. Gowlakd Hofkiks. [Pp, xix -f- 244, with 
12 plates and 30 figures.] (London : Methuen Co., Ltd., 1034. 
7s. 6d. net.) 

In this little book Mr. Leakey has attempted to cover the whole field of 
early prehistoric archaeology, including both the cultural and the physical 
side. In addition he gives briefly various personal reminiscences in regard 
to his discoveries in East Africa. These ore all too brief and form by no 
means the least interesting part of the book. The archieological section is 
of particular value. Mr. Leakey discusses the whole question of the im¬ 
plements of early man, both from the point of view of chronology and also 
of identification. He stresses the importance and necessity of actually 
working in flint becauscs os Mr. Henry Balfour has pointed out, it is im¬ 
possible to have a proper imderstanding of flint implements without under¬ 
standing the properties of the flint itself. The sketches which illustrate 
this section are specially to the point. The chronology embodies all his 
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reeearohes into thi^ oomplioated matter. It is a pity in many respects that 
Mr. Leakey did not confine himself to this side. It is here that he has had 
practical experience and can speak with authority. His discussion of the 
physical side is less happy, and there are a number of statements which are 
either given without any evidence at all to support them, or else need con¬ 
siderable qualification. What evidence, for instance, can Mr. Leakey produce 
to show that there is ever mating between man and the anthropoid apes T 
Or again he says, The s/uxpe of the skull is not regarded as of any great 
importance from the point of view of deciding whether a skull is of Homo 
Bopiem type or not.'* By shapie in this connection he appears from the 
rest of the paragraph, to mean cephalic index, but this after all is a crude 
way of measuring shape and if the altitudmal mdox, which he does not mention, 
is taken into account the difference is very marked. Again in discussing 
Piltdown man he only mentions, m a footnote, that a tooth was found in 
1917. He does not attempt to say what this tooth is or its importance. 
In the text he postpones most cautiously and wisely the questions of recon¬ 
struction, but gives us a plate showmg a reconstruction without any com¬ 
ment. In fact in contradistmction to the clear and valuable annotation 
of the plates and drawings in the archaeological part those in this part are 
not well documented. Plate IV, for mstance, has the legend “ the canine 
fossa m homo sapiens and its absence in other types ** without as far as can 
be seen any indication what skulls are figured. Here of course we are up 
against the fundamental difficulty of the popularisation of modern science, 
the whole matter is bocoming so specialised that each branch needs covering 
by an expert, whereas what is wanted in a popular book is exactly what 
Mr. Leakey has put before himself to accomplish, namely a wide and compre¬ 
hensive exposition of the whole subject. Mr. Leakey promises us a more 
specialised work on his discoveries in East Africa which wo shall look forward 
to with great interest. 

L. H. D. B. 


Tha Ancestry ol the Long-Lived. By Raymond Pearl and Ruth Dx 
Wrrr Pearl. [Pp. xiv -f 168, with frontispiece emd 20 figures.] 
(Baltimore: Tlie v ohns Hopkins Press ; London: Humphrey Milford, 
1934. 18s. M. net.) 

Fob this study the authors consider those who live to bo 90 years as long- 
lived, and are ooncemed with the problem as to why certain persons live to 
this age. In considering the ancestry they use the '' Total Immediate 
Ancestral Longevity ” (abbreviated to T I A L) which is obtained by taking 
the sum of the ages at death of the six immediate ancestors of an individual, 
that is to say of the two parents and the four grandparents. 

The data used come from two sets of material: (1) A collection of case 
histories of extreme longevity (Long. Series) collected by the Department 
of Biology of the School of Hygiene and Public Health of the Johns Hopkins 
University, and (2) the Family History Records (F H R Series) collected by 
the same department. 

In the first senes those were included as subjects who could give the 
ago at death of their six immediate ancestors, and sinco the subjects were 
at least 90 the ancestors must have been dead at the time of the enquiry; 
there were 866 such oases. 

In the second series, the F H R, all families in wliich both parents and 
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all four grandparents were dead and had the age at death recorded were 
selected. The subject or propoaitua was tho oldest livmg individual m the 
sibship; 136, and m some tables 143, persons were studied. The ages of 
the subjects m the two series never overlap, the range in the F H R series 
being from 10 to 90 years. In Chapter IX tlie authors point out that in 
the F H R senes when families are chosen at random as regards age, but 
with the requirement that all six immediate ancestors must be dead, then 
tho age at death of the parents is not random, but in a proportion of oases 
parents must have died yoimg for their families to be included. In the Long 
senes there will be no selection, since all ancestors liave had an equal 
chance of dying, but in tho F H R series when the subject is young, 
only those can be included whoso parents had died young and there is 
selection. 

The authors discuss the influence of birthplace and race stocks, and of 
alcoholic habits of the group of long-lived persons ; the numbers are too 
few to give any information as to longevity among those who were foreign 
bom, since there are only 43 of both sexes divided among 14 different coun¬ 
tries. With regard to the association of longevity and tho taking of alcohol 
the authors find no significant difference in the percentage of “ moderate ** 
and “ very moderate ** drinkers m the two senes, but that there are fewer 
total abstamers and more heavy drinkers in tho F H R senes. 

The distnbutions of T I A L given m Chapter VI are mterestmg, showing 
the wide range of years that the summed duration of the lives of one’s parents 
and grandparents may take ; the mean TIA L in the Long, senes is 446*14 
years, and m tho F H R series is 385*43 years, but how much of this difference 
18 due to tho method of selection in the F H R senes, and how much is due 
to the mheritance of longevity it is impossible to say. It is diffioult to see 
how these “ purely arithmetical consequences of the selection ” can be over¬ 
come ; m the case of grandparents the trouble is less, but m the case of 
parents the method of selection seems to us to make any conclusions as to 
the inheritance of longevity impossible. From Table 16 it will be seen that 
each of the grandparents of the long-lived subjects live on the average 8 
years longer than those of the FHR series, and though possibly a year 
or two must be allowed for the method of selection in the FHR series, 
there seems here some evidence of the inheritance of longevity. 

The parent-offspring correlation in the Long, series is low, and since the 
subject 18 not used in obtaimng the coefficients given in Table 27 the low 
value cannot be attributed to the stringent selection of nonagenarians. In 
the FHR series it is not surprising to find low and even one negative though 
insigmficant correlation, owing to the way the data were chosen. The same 
applies to tho matings that produced the long-hved. There were over seven 
times os many matmgs of the type short-lived by short-hved involved in 
the production of the propositi in the FHR senes as m the production 
of the projiositi in tho Long, sonos but such is to be expected since the 
majority of the propositi, probably all in the first two age groups, could 
not have been included m the data studied imless both their parents had 
been short-hved. 

Though some of the conclusions reached may eventually be found to 
be correct, we do not consider that all are proven by the material provided 
in this book. 


E. M. E. 
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Report oil the Nortb Sea Cod. By Michael Ghaham, M.A.» Naturalist 
on the Staff of the Ministry of Agriculture and Fishenes. Fishery 
Investigations, Series II, Vol. XIII, No. 4, 1933. fPp. 160, with 33 
figures.] (London : H.M. Stationery Office, 1934. 7s. net.) 

The North Sea CJod Fishery has been specially studied in the Fisheries 
Department for some years, and the present report is a general survey of 
all that has been done. It contains much interesting and important in¬ 
formation, mcluding details of the methods employed, studies in growth of 
young and old fish, assessment of broods, fluctuations in brood strength and 
in stock, the life cycle of the cod in the North Sea and predictions of the 
cod fishery. 

The English cod fishery in the North Sea is worth rather more than a 
million pounds annually. In describing the fishery, it is shown that for 
many purposes wo can accept the statistics of Grimsby as representing a 
fair sample of the whole North Sea stock. With regard to the mam economic 
question, it is foxmd that the proportion of comparatively large fish caught 
IS greater in the cod than in the haddock, probably owmg to the fact that 
the cod IS naturally partly protected for a period before maturity. The 
reason being chiefly their relative disperse distribution, but also the partial 
sanctuary affoixled to feeding cod m tho rough ground where it is difficult 
to fish, or possibly to their followmg the herring, on which they feed largely, 
into tho upper waters out of reach of tho trawl. 

It is concluded that the protection of spawning cod would have no effect 
on the subsequent yield of their descendants, and that the stock is in no 
apparent danger of further diminution. Predictions as to the average yield 
of the fishery may now be made with some precision. M V T 

Tbe Generic Names of British Insects. Prepared by tho Committee 
on General Nomenclature of tho Royal Entomological Society of 
London, with the assistance of tho Department of Entomology of the 
British Museum (Natural History). Part I : Recommendations 
relating to the Publication of the Committee’s Reports. 
Part II: The Generic Names of the British Rhopalocera, 
with a chock Lst of the species, by Francis Hemming, C.B.E. 
(London ; Royal Entomological Society of London, 1934. Part I 
(pp. 6), 6d.; Part 11 (pp. 40), 3s. 6d.) 

Nomenclature in Biology is a special field in which those who work seem to 
claim an independence of other Imes of research. They rightly say that it is 
the fomidation of the Science, but as they are always rearrangmg the umts, 
in blind obedience to the rule of priority in nomenclature, regardless of the 
oomplications resulting m the literature or of the mconvenienoe caused to 
those who are not systematists, the foundation is so unstable that attempts 
have been made from outside tlie ranks of the systematists to throw over the 
rule of priority and fix names once and for all. In 1928 the British Zoologists, 
at their Annual Meeting, with two dissentients, passed a resolution that this 
meeting of British Zoologists is in favour of a substantial moroase of the lists** 
of nwmna c(maervandat'' but there the matter ended. In 1933 the same subject 
was brought up again before the Association of British Zoologists and also 
before the Royal Entomological Society of London. In both oases the matter 
Was referred to the respective Councils and both Counoiis appointed a Com¬ 
mittee to go into the matter with a view to seeing what could be done. The 
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Committee of the British Zoologists, perhaps too heavily weighed down under 
the sacred rule of priority, reported to their Council that the matter was not 
urgent except ui Entomology, while the Entomological Committee laid before 
their Council a scheme upon which, they suggested, useful work could be 
carried out. The Qenerio Name$ of BrUtsh Insects, of which Parts 1 and 2 
appeared early this year, is the result of the scheme approved by the Council, 
a scheme in which the Department of Entomology of the British Museum 
(Natural History) is assisting and which has involved the sotting up of a 
special Organising Committee^and of sub-committees for each Order of insects 
including repreJ^tative experts on the different groups. 

It was at hrst intended to produce hsts of species only where it was thought 
to be of special advantage, but as the Association of British Zoologists is at the 
present time preparmg a work upon the British Fauna, which, it is hoped, will 
be published by the Trustees of the British Museum (Natural History), it was 
felt that odd hsts pubhshed by the Royal Entomological Society, probably by 
the same specialists as are producing the lists for the other work, would be 
absurd and therefore an arrangement was come to between the two bodies by 
which the Association of British Zoologists agreed to omit Entomology from 
their syllabus on the understandmg that the publication of the Royal 
Entomological Society would mcludo lists wherever possible. Part I under 
review is entitled Recommendations relating to the Fnblicatton of the Cormmttee^s 
Reports and is a senes of niles drawn up by the Committee for the guidance of 
authors contributing to the succeeding parts. Part II, on the British Butter¬ 
flies, is the first part of the actual work and Mr. Hemmmg has set an example 
of the way in which such work should be earned out. The object of the work 
is to flx the names of genera and genotypes (and the list will also fix the names 
of species), and it has been recognised by the Committee that only upon cer¬ 
tain lines is there any hope of such names bemg generally accepted. These 
lines are first, that the rule of priority must be followed where any consequent 
change of name does not seriously affect the literature, and secondly, that 
where a name, which is not the original one, hag long been in use, a proposal for 
the suspension of the law of priority and the fixation of the name as a nomen 
conservandum shall be made through the Council of the Society to the Inter¬ 
national Commission on Zoological Nomenclature. 

That the work should be universally accepted without criticism is not to be 
expected, but it is hoped that evidence of the thoroughness of the work of the 
author, chosen because he is an authority and not a crank, will induce those 
systomatists endowed with a modicum of common sense to accept the de¬ 
cisions, backed as they are by the Royal Entomological Society and the 
Department of Entomology of the National Museum. It may deprive a few 
systematists of the pleasure of further juggling with names, but it will be on 
immense boon to the large majority of Entomologists all over the world to 
have a standard work upon entomological nomenclature. 

Fbank Balfoub Bbownx* 


MEDICINE 

The Doctor and His Patients. By Albsrt Kbibokb. [Pp. vi-f 801, 
with 1 plate.] (London : Kegon Paul, Trench, Trubner & Co., Ltd., 
1934. lOs. 6d. net.) 

Thb essential character for a good doctor is a “ good man.’' The sincere 
tribute by Dr. Frita Lange appended to this book is the clue to the chapters 
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which precede it. Klreoke was a good man.** The sound precepts expressed 
for the moral and professional guidance of physicians and surgeons in their 
relations with patients and colleagues, though many may appeeur as simple 
and obvious platitudes, cannot be disregarded by any who have respect for 
the honour and high standing of the healmg profession. To lay readers who 
are potential patients, the book should be of interest and value, and should 
help to create a much desired better understanding between them and their 
doctor. The dominant notes should always be hmnan kindness and mutual 
sympathy ; the doctor's first thought the welfare of his patient. 

*1110 book 18 a translation from the German second edition of 1932 by 
Margaret M. Green and has an easy fiuenoy. A tendency to repetiti&n is 
perhaps imavoidable in a collection of scattered thoughts, gathered it would 
seem from the commonplace book of a very occupied surgeon, whose life 
was wrapt in intense enthusiasm for his work, but this will only serve to 
point the principle on which he would insist. 

In the present day when the general public *’ expresses so often a strange 
ignorance of common othicsfi^and an amused contempt for what it calls 
professional etiquette,** it is to be hoped that many will read this book 
and learn to become ** good men and women." 

P. J. 


The Principles of Heating and Ventilation. By H. ]V% Vbrkok, 
M.A., M*D. [Pp. viii -f 232, with 32 figures.] (London : Edward 
Arnold Co., 1934. 14s. net.) 

Db. H. M. Yxbnon has written a useful book on the principles of heating 
and ventilation, the practice being dealt with so far as ne^oessary to illustrate 
the prmoiples. In considering heat loss from the body, the use of the kata- 
thermometer is made evident, as a measure of oooling from and velocity of 
air movement, and the practical application of this instrument illustrated 
by observations made by the author and his oo>workers in factories. 

Dr. Vernon says " It is a pure chance that the rate of oooling of the 
instrument happens to yield a fairly good index of the sensations experienced 
by human beings,** but as the cooling powers selected as standard ones, 
were in the first case fixed by the inventor (Sir Leonard Hill) in conditions 
which were acknowledged to be comfortable and fresh, there was no chance 
in the matter. The oombmation of the three factors, air temperature 
humidity and air movement into a scale of " effective temperatures," has 
been worked out in the Research Laboratory, Pittsburg. The author, by 
his own studies, has reached the conclusion that the cooling power of the 
air as estimated by the diy kata-thermometer generally affords a more 
accurate index of comfort than the effective temperature scale. 

The kata-thermometer, he says, appears to take too much aooount of 
air movement. While the effective temperature scale tends to take too 
much aooount of air temperature. The effects of clothing are next dealt 
with, and in still air thick winter clothing is found to have a heat retaining 
power equivalent to 22-23"* of air temperature. In indoor woric with little 
air-movcanent it is most important, to prevent over-heating, to reduce air- 
temperature and clothing. The Eupathiosoope and the Globe thermometer 
are considered as gauges which take into aooount the important factor— 
radiant heat. By combined use of wet and dry bulb thermometers, the 
kata-thermometer and the globe thermometer the factors which infiuenoe 
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body heat loss aze evaluated. The importanoe of the oharaoter of the zays 
in afieoting akin seneations, and reflexly the nasal mucous membrane* has 
recently been emphasised, but the author does not touch on this. He deals 
in successive chapters with the loss of heat from buildings, heating by open 
fires and gas and electric fires, hot water and steam radiators, low temperature 
sources of radiant heat, and low temperature heating by electricity. The 
author says that the use of the last for continuous heating, even when eleo- 
tricity is bought at the non-peak period for as little as 0*27d. per unit, does 
not compare favourably, w a fuel basis alone, with coke or oil. With a 
price as low as 0’12d. a unit there would be no difficulty in justifying the 
use of electricity instead of any other fuel. This price is far above the ordinary 
present price paid by the householder. The considerations of panel ceiling 
heating, and imder floor heating, as in Liverpool Cathedral, are of particular 
interest. 

In the case of small high temperature electric heaters placed in the ceiling, 
the warming effect is found to be chiefly due to convection ; therefore, when 
the windows are kept open in a school so wanned, the fingers of the children 
tend to become too cold for them to do their work. In the final chapters 
Dr. Vernon considers ventilation, and discusses natural and mechanical 
means. He deals with the control of humidity and conditionmg of air, and 
with the special ventilation required in industry to remove harmful dust. 
This book ^ill be a great assistance to architects, factory inspectors, medical 
officers of l^lth and sanitary officials, and will interest those of the genera] 
public who seek to secure the best conditions in home and work rooms. 

L. H. 


PHILOSOPHY AND HISTORY OF SCIENCE 

The Organism of the Mind. An Introduction to Analytical Psycho* 
therapy. By Gustav Richard Heyer, M.D. Translated by Eden 
and Cedar Paul. [Pp. xiii 4-271, with 37 illustrations.] (I^ndon : 
Kogan Paul, Trench, Trubner & Co., Ltd., 1933. 15s. net.) 

This volume consists of a senes of lectures, apparently delivered to mixed 
audiences, and deals with a number of “ organ neuroses ” and methods of 
psychotherapeutic treatment. Its aim, as stated by the author in his preface, 
18 a modest one. He wishes to indicate “ wliat psychotherapy is, why and 
how it is practised, and to give pointers along the roads of psychotherapeutic 
thought.’* Dr Heyer is in the main on “ analytical ’* psychologist, though 
he borrows also from other schools and, while critical of some of their teaching, 
shows himself always to bo sympathetic with them. 

The chapters of Part I of the book treat of the vegetative, animal and 
“ pneumatic ** cycles of life m a highly original way, and show how the 
“ mental vital cycle ” may influence the lower functions, chiefly by way 
of autosuggestion, “imagination” and abreaction. This illustrates the 
power that the mind has over the body. Part II is concerned with psycho* 
therapeutic procedures; and m it the theories of Freud, Adler and Jung 
are examined in some little detail. There is a final section in which thirty- 
seven plates—“ accurate reproductions of pictures drawn by the subjects’ 
unconscious ’’--are presented, together with explanations on the lines of 
symbolic interpretation. These are interesting but, it must be said, some¬ 
what far-fetched. 

The Or^fanimn of the Mind is suggestive, erudite and well written ; though, 
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in oommon with muoh of this kind of literature, it loses convincingness be* 
cause of the wealth of metaphor, allegory and (though the author dislikes 
the term) m 3 ^ioism with which it abounds. But the sort of empirical method 
employed in such studies naturally lends itself to treatment of this kind. 
Indeed, Dr. Heyer believes that “ the symbol is far more convincing than the 
shrewdest of deductions and logical demonstrations.’* One might wish for a 
less dangerous (because so full of possible pitfalls) avenue of approach to an 
art which ultimately must be bc^ed on the soimdest of scientifio foundations. 
The translation, as one might expect, is m excellent English and style. 

F. A. 


Tlia Endless Quest. Three Thousand Years of Science. By F. W. Wsst- 
AWAY. IPp. xix -f 1080, with Frontispiece, 60 other plates (3 coloured) 
and 103 figures.] (London and Glasgow : Blackie A Son, Ltd., 1934. 
21 «. net.) 

This is a history of science for the general reader ; and it is a critical history 
in which the reader is enabled to assess the evidence on which scientific 
theory is built, with some pertinent remarks on the quicksands of relativity 
and those who have been lured into them. But it is primarily a history of 
science, and as such it will appeal not only to the general reader, for whom 
it was written, but also to many scientific readers, smee we are all nowadays 
specialists in one science and general readers m others. Moreover, it shows 
to some extent how essential the history of science is to history m the broader 
sense, especially to the history of civilisation. 

Mr. Westaway begins with the empiric knowledge of the earliest civilisa* 
tions, passes on to Greek and Roman times and the Renaissance, describes 
the rise of modem science from the sixteenth century onwards, and then 
outlmes the various developments that bring his narrative up to the present 
day. The book is written in a very interesting way with adequate bio¬ 
graphical detail, well illustrated and thoroughly indexed. A list of books for 
further and more specialised reading is given at the end of each chapter. 

Among other points, Skeptical Ohymist (p. 279 and elsewhere) should 
read Sceptical Chymiet ; the account of Priestley’s methods (p. 299) is 
erroneous (see this journal, 1933, 28 , 17); Dalton’s analyses of olefiant gas 
and marsh gas did not play the part suggested (p. 313) in the formulation 
of the Atomic Theory ; “ hydrochlorine ” is misprinted for “ hydrochloiio ” 
on p. 668 ; and the reference (p. 834) to Plate 44 (portraits of four distm- 
guished scientists, one still living) as consisting of photographs of four of 
McGregor’s restorations of fossil men is unfortunate, even if the details of 
the paragraph provide the attentive reader with some unexpected amusement. 

Mr. Westaway’s book is to bo recommended ; it should certainly be in 
every school and college library to enable the intelligent student of history 
to obtain some knowledge of his subject, some acquaintance with the history 
of civilisation instead of mere political history. 

D. MoKih. 

Combustioii from Bomolaitoa to Lavoiaiar. By Joshua C. Qbhooby, 
B.So., F.I.C. [Pp. vii 4- 831,] (London: Edward Arnold & Co., 
1934. lOf. 6d. net.) 

Mb. Qbbooby, already known as a writer of historical works on chemistry, 
here presents a study of the history of human thought and ideas on the 
problem of fire and fiame. He begins with a detailed account of the pre- 
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mature notions of the Greeks ([^. 51 ) ; and the four chapters that are devoted 
to this will be found of considerable use by those who wish to obtain a proper 
understondmg of early chemical theories. Then he passes on to the develop- 
ment of the idea of an inflammable principle, to the history of the study 
of the gain in weight of metals on calcination, the first work on combustion 
in closed vessels, the rise of the phlogiston theory and, finally, to the work 
of Black, Pnestley, Soheele, Lavoisier and Cavendish. 

As a study of the various explanations of fire advanced through the 
ages, this book is an interesting contribution to the history of science, Mr. 
Gregory rightly claims that his survey “ displays tho constant interplay in 
which preconceptions are applied to data and data to preconceptions. It 
exhibits the significant role of the preconception aa a directive of thought 
—a rdle in which it may be a misleading prepossession or an insistent notion 
or a fertile guiding hypothesis.” 

Boyle’s Sceptical Chymiat (p. 60) is wrongly stated to have been first 
published anonymously : and the title of Boerhaave’s classic should read 
Elementa Chemice (p. 66 and elsewhere). 

But—if only Mr. Gregory would write differently ! ” Weighty argu- 

menters,” ho says, ” were then preferred to lightanars of the metal which 
weighted the calx by withdrawn levity ” (pp. 115-16); and there is more 
of it. Nobody thtnka in this way : why therefore write in it T 

D. MoKne. 

Whither Medicine ? By Josxr Lokbbl, Dr. Med. Translated by L. 
Maaib Sikvkkino and Ian Moriiow. [Pp. xn »f 296.] (London: 
Sidgwick & Jackson, Ltd,, 1934. 7s. 6d. net.) 

This book is an English version of Dr. Loebel’s Medizin Oder dem Manne 
hann geholfen werden, an historical record of the progress of medical science 
and art through the ages from the primitive times of black magic to the 
aseptic surgery, immunology and psychoanalysis of the present day. It is 
intended for lay readers and is written m modem journalistic stylo, technical 
and soientifio terms and controversy are for the most port avoided» being 
replaced by illustrative, sometimes rather forced analogies, and quotations 
from medical and general literature. The field covered by the sixteen 
chapters is very comprehensive, but a cunning plan of linking the dififerent 
sections into a oontmuous story emphasises the evolutional progress and 
serves to maintam the mterest and unity of the subject. By practising the 
principle that ” only the half truth is simple, the whole truth is the most 
complicated thing in the world,” tho author has provided an easily digested 
dish from very rich food. The chapters seem to us uneven in value ; perhaps 
” pathology ” and ” physiology ” will make the greatest appeal and be most 
interesting and profitable. The answer to the title ” Whither Medicine T ” 
and the whole moral of the tale is ” The Science of Man.” It is a book for 
which there should be a wide demand, and should attract and interest a 
large number of non-medical readers. 

P. J. 

Keith Lucas. By various contributors. [Pp. 131, with portrait-fi’ontis- 
piece and 1 text-illustration.] (Cambridge j W. Heffer k Sons, Ltd., 
1934. 5s. net.) 

Kjuth Lucas died in 1916, at the age of 36, as the result of an aeroplane 
accident, and Sir Walter Fletcher soon afterwards began to collect material 
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for A book about him, and about his woric in Uie two spheres of physiology 
and of aviation. Unfortunately, Sir Walter found no time, in his subsequent 
busy life, to edit this material and to publish it, and the book imder review 
is composed of these unedited notes on different phases of the life of Keith 
Lucas, together with a section on his more strictly ph 3 rsiologioal woric, written 
by his Ihend, Prof. E. D. Adrian. 

The various parts of the book are, therefore, related, but are not, probably 
in the final form in which Sir Walter Fletcher would have cast them, had 
he lived to enjoy greater leisure. 

Even with this qualification, however, the book is most welcome. The 
younger physiologists know of the work of Keith Lucas, and respect the 
clarity of expression and of design which it possesses; they can also see 
what an advance it was on that which prcHMxl^ it. But the very scientific 
austenty which ensured these effects in his published work necessarily con¬ 
cealed somewhat the personal picture of the man himself, and it remained 
the duty of his more intimate friends to reveal this side, and so to complete 
the story. 

Personality is an intangible, transient thing, which must be captured 
and set up in print, if it is to be given a chance of survival; even then, it 
is not too easy to communicate it adequately to future generations. The 
eight contributors, who have attempted the task in the case of Keith Lucas, 
have laid under their debt both the younger physiologists of to-day and 
the historian of physiology, while those who are interested in the progress 
of aviation will find that a number of very Important advances were due 
to the same talents, which before 1914 had so richly served physiology. 

K. J. F. 


MISCELLANEOUS 

G^eral Sociology. By Hbnry Pbatt Fairchili>. Wiley Social Science 
Senes. [Pp. x f 634, with 8 charts.] (New York; John Wiley k 
Sons, Inc.; London: Chapman & Hall, Ltd., 1934. 23s. net.) 

pBorsssoit Faibohii^d is frank enough to admit that the latmohing of one 
more sociology text-book i*pon a congested academic sea requires explanation. 
And this he does by pointing out that his aim was not the presentation of 
new subject-matter, but the treatment of what is generally understood by 
Sociology, from an angle that would mckke more readily comprehensible ita 
basic principles. In this task he has admirably succeeded. Without omit¬ 
ting difficult problems or unduly simplifying their solution. Prof. Fairchild 
has here produced a book that should be of great value to the bc^ginner as 
well as to the more advanced student. 

In line with the founders of modem Sociology, Comte and Spencer, the 
author regards Sociology as ' *the study of man and his humcm environment 
in their relations with each other *' and its goal as the discovery of the 
true and indigenous laws and processes of social relations.** From tliis 
approach it logically follows that the prediction of social phenomena is an 
integral part of the science. But Sociology attempts not only to understand 
Society but also to control and change it, and in this connection Prof. Fair- 
child develops the useful distinction between social reform and social en¬ 
gineering, concepts which owe much to Qiddmgs. He rightly emphasises 
the economic factors in social life ** those basic and determinate relations 
of men to their human environment ** and his analysis of the material exist* 
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enoe of society into four basic factors—land» population* standard of living 
and economic culture, is ably oonceived. These subjeots, it may be added* 
Prof. Fairchild has made his own in his previous writings. 

Other matters that receive illuminating treatment are : the nature and 
variety of social groups and their classification on the basts of volition; 
the nature of social causation and the substitution of the mechanical con* 
oeption by a view which regards social relations as reciprocal and rotatory; 
the psychological forces of society and the olassifioation of interests; the 
meaning of applied Sociology and the concepts normality and abnormality ; 
and finally the significance of ultimate values and thoir axiomatic character* 

It was no doubt impossible in a book of this scope to discuss everything 
adequately* and Prof. Fairchild*8 remarks on Socialism, Marxism* Capitalism 
and on social institutions require both amphfioation and revision. It is 
misleading to write as he does that “ the State is inherent m human nature ** 
or to argue that ancestor-worship is the main root of religion. 

The concluding section of the book is devoted to questions* study topics, 
and a useful bibliography. There is m addition a detailed index. 

J. Rumkby. 

Science and the Police OfiGLoer. By Hbnby T. F. Rhodes. [Pp. xvi -f 
180.] (London : The Police Chronicle, 1934. fis. net.) 

This book is a collection of lectures to police officers dealing, partly with 
the application of scientific technique to and partly with the emplo3rment 
of scientific method in the detection of crime. They are addressed to the 
layman and not to the expert, and quite apart from their value to the police¬ 
man, they make a book of unusual interest. Many who follow the more 
erudite paths of science find relaxation in detective fiction which, in its 
best form, employs mental processes akin to their own, and such will find 
this book pleasant reading whilst the large army of authors of such works 
will find it invaluable. 

The author rightly stresses the importanoe of the scientific outlook in 
the treatment of evidence, and on the technioal side deals with the uses of 
photography, microphotography, ultraviolet light and chemical tests in 
connection with various aspects of crime. In many instances the employ¬ 
ment of the various methods is illustrated by reference to actual cases. 
Fmger-prmts, foot-prints, calligraphy, bullets and firearms and toxicology 
all come in for treatment. The scientific details are aoourately and oleariy 
put in an elementary manner, the intention being rather that the reader 
shall be able to appreciate the work of the expert than that he should be 
able to replace him. 

O. L. B. 

The Progreas of Scisnoe. By J. G, Cbowthee. [Pp x -f 304, with 
frontispiece, 11 plates and 31 figures.] (London: Kegan Paul* 
Trench, Trubnor & Co., Ltd., 1934, 12s. M. net.) 

Db.. Cbowtheb here presents an account of recent fundamental researches 
in physics, chemistry and biology. The first two chapters deal with the 
latest achievements of the Cavendish and Copenhagen laboratories, including 
the discovery of the neutron. The third chapter gives a very interesting 
and informative description of Soviet physios* more especially of the work 
in progress at the Physioo-Teohnioal Institute* Kharkov* Chapters XV 
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V Bummarifle the curretit thdoriea of the expaodion of the universe and the 
latoBt researohes on the penetrating or cosmic rays and include an account 
of the discovery of the positron. Chapter VI deals with heavy hydrogen. 
Chapter VII is concerned with “ The Chemistry of Evolution ” and provides 
a very valuable summary of the work of Needham and others on chemical 
embryology. In Chapter VIII, which deals with human heredity. Dr. 
Crowther has much to say about the nonsense talked by certain advocates 
of wholesale stenlization, and invokes the aid of Haldeme and Hogben in 
a thorough-going attack on the clap-trap that too frequently m this problem 
passes for scientific evidence among pohtically-mmdod enthusiasts. Tlie 
final oliaptor describes the recent advances in the treatment of pernicious 
ansemia. 

Dr, Crowther has written many admirable popular works on science; 
this is by far the best. Though intended primarily for the intelligent general 
reader, it is well suited to the nof^ds of the average specialist in science, who 
IS usually a layman outside the range of hia own particular study. 

D. McKik. 

The Method and Theory of Ethnology. By Paul Radin. [Pp. 
XV -f 278.] (London and New York : McGraw-Hill Publishing Co., 
Ltd., 1033. 15s. not.) 

Dr. Radin shows himself a stem critic of past and present schools of thought 
m ethnology. Each one m turn—Tylor and the evolutionary school, Elliot 
Bmith, Perry and the diffusionists and Malinowski and his followers m 
“ functional anthropology **—is weighed m the balance and found wanting. 
Nor does Dr. Radin spare lus colloaguos m the United States. Dr. F. Boas 
end those who have elaborated the theory of culture areas, while given credit 
for achievement in certain directions, are shown to liave been misled by the 
falsa analogy of natural science into applying analytical methods and the 
quantitative treatment of unitary characters to material to which they are 
not applicable and in a subject with the aim of which they are not consonant. 

Dr. Radin's own view is that the purpose of ethnology being the descrip¬ 
tion of aboriginal cultures, it should be purely descriptive, concrete, and 
individual. Whether he regards ethnology understood in this sense as a 
science Dr. Radin does not say* 

E. N. F. 


Adult Education in Praotioe. Edited by Robert Pebbs, M.A. [Pp. 
xiv + 301.] (London : Macmillan & Co., Ltd., 1934. la. M. net.) 

This book, which replaces the much more modest Tutor's Manual prepared 
long ago under the editorship of Mr. G. D. H. Cole, is, as the publishers 
claim, the first complete survey of the English Adult Education movement 
from the practical standpoint. Prof. Peers has played tut important part 
in the developments which have brought the movement to its present stabilised 
(if not standardised) form, and he has been able to enlist the services of a 
number of other notable teachers and administrators. The result of their 
collaboration is a handbook, dealing briefiy but adequately with all those 
aspects of adult education upon which tutors and others concerned ought 
to be informed. It passes from a brief but illuminating study of the aims, 
background and present organisation of the movemmit to chapters dealing 
with the several types of adult students; their needs and the types of class 
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md courm demgned to meet them; the work of orgmieiog tutors, inoluding 
that of the pioneer breaking new ground ; methods of teaohhig (m aaoellent 
chapter); library faoilities ; activities outside the class; tbs fiqpportumties 
available for full time students; and lastly the very important but admittsdiy 
difficult problem of the training of tutors for the teaching of adults. A 
long series of appendices includes the regulations of the Board of Education 
and other official documents together with brief accounts, supplementary 
to the main part of the work, dealing with the special features of adult educa¬ 
tion m Scotland and Wales* The book ends with a very useful classified 
bibhography. The whole work is pervaded by an atmosphere of reality 
which must make it welcome, not merely to young tutors, but also to experi¬ 
enced teachers and organisers. To say that it will be indispensable is not 
to repeat a formula but to state a fact. 

T, P. N. 

The Subject Index to Periodicals, 1933. [Pp. x ^ 546 cols.] (Lon¬ 
don : The Library Association, 1934. £3 10s.) 

In the preface to this new volume of the annual Subject Index the Library 
Association quite justifiably proclaims its gratification at the appearance of 
the volume only eight months after the close of the year. To have collected 
more than 25,000 entries, checked them, made the corrections which the 
reduction to uniformity of the work of numbers of contributors inevitably 
involves, and read the proofs in so short a time is an achievement of which 
the editor, Mr. T. Rowland Powel, may well be proud. 

The value of the Index is probably greater to journalists, and the writers 
of the more popular type of book them to the specialist, since the material 
covered by certain of the scientific abstracting journals is as a rule omitted, 
but the mdividual who uses the book with this fact m mind must find it of 
the greatest use to have in one comprehensive index articles which hove 
afi^ieared in such journals a» Nature, Science Proffresa, The Philoaophical 
Maqaiim, and TAc Journal of the Franklin Inatitule, to name only a few. 
He must be grateful also for having his attention drawn to scientific papers 
published in the less well-known journals all over the world. The inolusion 
of references to a larger number of foreign periodicals would make the debt 
of scientific workers to the Library Assooiation still greater. 


A, W, 



BOOKS RECEIVED 

{Pubtishera art repeated tn notify priota,) 

NumericaJ Siudicts in Differential EquationB. Vol. I. By H. Levy, M.A., 
D«So., F.R.S.E*, Profe»8or of MathematicB at the Imperial College of 
Science, UnivorBity of London, and E. A. Baggott, M.Sc., A.R.C.S., 
D.I.C., Lecturer m Mathematics, The Polytechnic, Regent Street, 
London. London : Watts A Co., 1934. (Pp. viii -f 238, with 14 figures.) 
129, 6d. net. 

Differential and Integral Calculus. Vol. I. By R. Courant, Cdttingen— 
New York. Translated by E. F. McShano, Princeton. London and 
Glasgow : Blackie A Son, Ltd., 1934. (Pp. xiv -f 568, with 136 figures.) 
20b. net. 

The Differential Invariants of Generalized Spaces. By Tracy Yerkes Thomas, 
Associate Professor of Mathematics in Princeton University. Cambridge : 
at the University Press, 1934. (Pp. x -f 241.) 21b. net. 

Lectures on Matrices. By J. H. M. Wodderbum. American Mathematical 
Society Colloquium Publications, Vol. XVII. New York: American 
Mathematical Society, 1934. (Pp. viii -f 200.) $3.00. 

Five Place Table of Natural Trigonometric Functions to Hundredths of a 
Degree. Compiled by Amelia Do Leila, Central Station Engineering 
Department, General Electric Co., New York. New York : John Wiley A 
Sons, Inc.; Londoi: Chapman A Hall, Ltd., 1934. (Pp. 52.) 6b. net. 

(jleneral Astronomy. By H. Spencer Jones, M.A., Sc.D., F.R.8., Astronomer 
Royal. Second edition. London: Edward Arnold A Co., 1934. 
(Pp. viii 4- 437, with 28 plates and 113 figures.) 12b. 6d. not. 

Through Space and Time. By Sir James Jeans, M.A., D.Sc., Sc.D., LL.D., 
F.R.S. Based on the Royal Institution Lectures, Christmas 1933. 
Cambridge: at the University Press, 1934. (Pp. xiv -f 224, with 
53 plates.) 8b. 6 d. net. 

Radio Round the World. By A. W. Haslett, sometime Scholar of King’s 
College, Cambridge. Cambridge: at the University Press, 1934. 
(pp. viii + 196, with 5 plates and 22 figures.) 5b. net. 

Generation of the Universe and Design for Living.” By Percy A. CampbeM. 
East Cleveland, Ohio, 1934, (Pp* vi -f 101.) $1.50. 

Theoretical Physios. By Georg Joos, Professor of Physios at the University 
of Jena, Translated from the first German edition by Ira M. Freeman, 
PhuD,, C3uoago. London and Glasgow: Blackie A Son, Ltd., 1934. 
(Fp. xxiv 4* 746, with 3 plates and numerous figures.) 25 b. net. 

685 



SCIBNCB FBOGBBSS 


586 

The Physical Basis of Things. By John A. Sldridge* Professor of Physics, 
University of Iowa. International Series in Physios. New York and 
London: McGraw-Hill Book Co., Inc., 1934. (Pp. xiv 4* 407, with 
frontispiece and 136 figures.) 22s. Od. net. 

Physics. By A. S. Eve, C.B.E., D.So., LL.D., P.R.S., Macdonald Professor 
of Physios and Dean of the Faculty of Graduate Studies and Research, 
McGill University, Montreal. The Homo University Library of Modem 
Knowledge. London: Thornton Butterworth, Ltd., 1934. (Pp. 258, 
with 39 figures.) 2s. 6d. not. 

Elementary Quantum Mechanics. By R, W. Gurney, M.A., Ph.D., Research 
Associate in the University of Bristol. Cambridge ; at the University 
Press, 1934. (Pp. vi -f 160, with 67 figures.) 8s. fid. net. 

Magnetism and Matter. By Edmund C. Stonen*, Ph.D. (Cambridge), Reader 
in Physios at the University of Leeds. London : Methuen & Co., Ltd., 
1934. (Pp. xvi 4* 675, with 87 figures.) 21s. not. 

A Guide to Electricity. For Home and School. By Charles F. Smith, D.Sc., 
M.I.E.E., lately one of H.M. Inspectors of Schools. London : Oxford 
University Press, 1934. (Pp. x 73, with 17 figures.) 2s. fid. net. 

Ions, Electrons, and Ionizing Radiations. By James Arnold Crowther, Sc.D., 
F.Inst.P., Professor of Physics in the University of Reading. Sixth 
edition. London : Edward Arnold A Co., 1934. (Pp. xii 4- 340, with 
114 figures, including 4 plates.) 12s. fid. net. 

Atomic Stmeture and Spectral Lines. By Arnold Sommerfeld, Professor of 
Theoretical Physics at the University of Munich. Translated from the 
Fifth Gorman Edition by Henry L. Brose, M.A., D.Phil., D.Sc., Lan- 
oaahire-Spencer Professor of Physics, University College, Nottingham. 
Vol. I. Third edition. London : Methuen & Co., Ltd., 1934. (Pp. xii 
4“ 676, with 161 figures.) 36s. net. 

The Mysteries of the Atom. By H. A. Wilson, M.A,, M.Sc., F.R.6., Professor 
of Physics, Rice Institute. New York: D. von Nostrand Co., Inc.; 
London : Chapman A Hall, Ltd., 1934. (Pp. x 4- 146, with 40 figures.) 
10 s. fid. net. 

A Study of Crystal Structure and its Applications. By Wheeler P. Davey, 
Ph.D., Research Professor of Physics and Chemistry, School of Chemistry 
and Physics, The Pennsylvama State College. International Series in 
Physios. New York and London: McGraw-Hill Book Co.. Inc., 1934. 
(Pp. xii 4* 695, with 265 figures.) 46s. not. 

Crystals and the Polarismg Microscope. A Handbook for Chemists and 
Othera. By N. H. Hartshome, Ph.D., M.So., Lecturer in Inorganic and 
Physical Chemistry, and A. Stuart, M.So., F.G.S., Lecturer in Geology, 
University College of Swansea. With a Foreword by Professor G. T. 
Morgan, O.B.E., D.Sc., LL.D., F.R.8., F.I.C. London : Edward Arnold 
A Co., 1934. (Pp. viii -f 272, with 217 figures.) Ifis. net. 

The Electronic Theoiy of Chemistry. An Introductory Account. By 
Robert Fergus Hunter, D.Sc., Ph.D.. D.I.C., A.R.C.S., Nizam Professor 
of Chemistry and Director of the Chemical Laboratories of the Muslim 
University, Aligarh, India, With a Foreword by C. K. Ingold, D.Sc., 
F.R.S. London: Edward Arnold A Co., 1934. (Pp. viii 4- 125.) 
8s. fid. net. 



BOOKS EBCBIVKD 


687 


Dipole Momente. A General Diacosgion held by The Faaraday Society, 
September, 1934. London : Gurney A Jaokaon for The Faraday Soeiety, 
1994. (Pp. iv 4* 314, with numerous figures.) 21s. net. 

Physical Chemistry. By A. J. Mee, M.A., B.So., Senior Chemistry Master, 
Cheltenham Grammar School. London: William Heinemann, Ltd., 
1984. (Pp. XX 4- 780, with 208 figures and 5 plates.) 15s. 

Electrolytes. By Hans Falkenhagen, Professor in the University of KOln. 
Translated by R. P. Bell, Fellow of Balliol College, Oxford. The Inter¬ 
national Series of Monographs on Physics. Oxford : at the Clarendon 
Press; London: Humphrey Milford, 1934. (Pp. xvi -f 347, with 
105 figures.) 25s. net. 

The Spirit of Chemistry. An Introduction to Chemistry for Students of the 
Liberal Arts. By Alexcmder Findlay, Professor of Chemistry, University 
of Aberdeen. Second edition. London, New York, Toronto : Longmans, 
Green A Co., 1934. (Pp. xvi -f 510, with 152 figures.) 10s. 6d. net. 

A Manual of Biochemistry. By J. F. McClendon, Professor of Physiological 
Chemistry, University of Minnesota Medical School. New York : John 
Wiley A Sons, Inc.; London : Chapman A Hall, Ltd., 1934. (Pp. viii 4- 
881, with 58 figures.) 31s. not. 

An Introduction to Practical Organic Chemistry. By W. A. Waters, M.A., 
Ph.D. (Cantab.), Gordon Wigan Prizeman of Cambridge University, 
Lecturer in Chemistry in the University of Durham. London : Edward 
Arnold A Co., 1934. (Pp. x 4* 92, with 19 figures.) 8s. fid. 

Arsenical and Argentiferous Copper. By J. L. Gregg, Metallurgist, Battelle 
Memorial Institute. American Chemical Society Monograph Series. 
New York: The Chemical Catalog Co., Ino., 1934. (Pp. 189, with 
5fi figures.) $4.00. 

The Principles of Motor Fuel Preparation and Application. Vol. I. By 
Alfred W. Nash, M.So., M.I.Meoh.E., F.C.S., F.Inst. Fuel, Professor of 
Petroleum Technology, University of Birmingham, and Donald A. Howes, 
B.So., Ph.D., A.M.l.P.T., Anglo-Persian Oil Co., Ltd. London : Chap¬ 
man A Hall, Ltd., 1934. (Pp. xiv + 538, with 125 figures, including 
9 plates.) 30s. net. 

Industrial Furnaces. Vol. I. By W. Trinks, Professor of Mechanical 
Engineering, Carnegie Institute of Teolmology. Third edition. New 
York : John Wiley A Sons, Inc.; London : Chapman A Hall, Ltd., 1984. 
(Pp. X 4- 45fi, with 359 figures.) 37s. fid. net. 

Dust. By S. Cyril Blaoktin, B.Sc., M.So., Ph.D., A.I.C. London ; Chapman 
A Hall, Ltd., 1934. (Pp. xii 4~ 296, with 4 figures, including 2 plates.) 
18s. net. 

Firedamp Explosions : The Projection of Flame, Part III: The Effect of 
Branch Qaileriea and of B^ds. By M. J. Burgess. Safety in Mines 
Research Board Paper No. 88. London ; H.M. Stationery OfiSoe, 1934. 
(Pp. 20, with 8 figxires.) fid. net. 

Stemming Materials. By J. A. S. Ritson and H. Stafford. Safety in Mines 
Research Board Paper No. 84. London : H.M. Stationeiy Office, 1934. 
(Pp. 30, with 1 figure.) fid. net. 



588 SGIBNOIS FBOOBSSS 

Simiiltaiieous Shot-Firing. A Report by the Shot-Firing Sub-Committee of 
the Eaq^losives in Mines Resedroh Committee. Snfety in Mines Research 
Board Paper No. S6. London : H.M. Stationery Office, 1934. (Pp. 14» 
with 1 figure.) 6d. net. 

An Automatic Firedamp Recorder. By H. Lloyd. Safety in Mines Research 
Board Paper No. 86. London : H.M. Stationery Office, 1934. (Pp. 16, 
with 14 figures and 3 plates.) 6d. net. 

The Routine Method for Determining the Inflammability of Mine Dusts : A 
Modified Form of the Test. By A. L. Gk)dbert. Safety in Mines 
Research Board Paper No. 87. London i H.M. Stationery Office, 1934. 
(Pp. 12, with 2 figures and 3 plates.) 6d. net. 

Twelfth Annual Report of the Safety in Mines Research Board, including a 
Report of Matters dealt with by the Health Advisory Committee, 1933. 
London: H.M. Stationery Office, 1934. (Pp. 129, with 48 figures, 
including 19 plates.) 2s. net. 

Geologic Structures. By Bailey Willis and Robin Willis. Third edition. 
New York and London : McGraw-Hill Book Company, Inc., 1934. 
(Pp. xviii 4* 644, with frontispiece, 12 plates and 202 figura.) 24s. net. 

The Geology of Egypt. Vol. II: The Fundamental Pre-Cambrian Rocks of 
Eg 3 rpt and the Soudan ; Their Distribution, Age and Character. Part I i 
The Metamorphic Rocks. By W. F. Hume, D.Sc., late Director of the 
Geological Survey of Egypt. Cairo: Survey of Egypt, Government 
Press, 1934. (Pp. Ixv + 424, with 96 plates.) Piastres 300. 

Geologic History at a Glance. Compiled by L. W. Richards and G. L. 
Richards, Jr. Stanford University, California: Stanford Univorsity 
Press ; London ; Humphry Milford, 1934. (2 plates.) 3s. 6d. net. 

An Introduction to Plant Biochemistry. By Catherine Cassels Steele, M.A., 
B.Sc., Ph.D, (St. Andrews). London: G. Bell A Sons, Ltd., 1934. 
(Pp. viii -f 356, with 12 figures.) 15s. net. 

The GramineaB. A Study of Cereal, Bamboo and Grass. By Agnes Arber, 
M.A., D.Sc., sometime Fellow of Newnham College, Cambridge. Cam¬ 
bridge ; at the University Press, 1934. (Pp. xviii -f 480, with frontis¬ 
piece and 212 figures.) 30s. net. 

Researches on Fungi. Vol. VI. By A. H. Reginald BuUer, D.Sc., Ph.D.. 
F.R.S., Professor of Botany at the University of Manitoba. I^mdon, 
New York, Toronto: Longmans, Green A Co., 1934. (Pp. xii -f- 513, 
with 231 figures.) 28s. net. 

Hooton Pagnell. The Agricultural Evolution of a Yorkshire Village. By 
Arthur G. Ruston, D.Sc., B.A., Lecturer in Agiioultural Economics and 
Advisory Economist, the University of Leeds, and Denis Witney, B.Com., 
Advisory Economist, the University of Edinburgh. London : Edward 
Arnold A Co., 1934. (Pp. viii -f- 459, with 12 plates and 58 figures.) 
25s. net. 

Weed Suppr^sion by FertiHzers uid Chemicals. By H. C, Long, 
B.Sc.(Agnc.), of the Mimstiy of Agriculture and Fisheries. Published 
by H. C. Long, The Birkins, Orchard Road, Hook. Surbiton, 1934. 
(Pp. 57, with 17 plates and 5 line drawings.) 2t« net. 



BOOKS BBOMVSD 


68d 

'Hieory and Praotiee of Silvioultim* By Frederick 8. Baker» F.E., Aesodate 
I^feeeor of Foreetry* University of California. Amerioan Forestry 
Series. New York and linden : McGraw*Hill Book Co., Ino., 1934. 
(Pp. xiv 4- 502, with 87 figures.) 30s. net. 

Identification of the Commercial Timbers of the United States. By H. P. 
Brown, Ph.D., Professor of Wood Technology, and A. J. Panahin, PhJD., 
Research Assistant, New York State College of Forestiy. American 
Forestry Series. Now York and London : McGraw-Hill Book Co., Inc., 
1934. (Pp. xxvi 4* 223, with 60 plates and 6 figures.) 18e. net. 

Everyday Botany. By L. J. F. Brimble, B.Sc. (London and Reading), 
Associate of University College, Reading. London : Macmillan A Co., 
Ltd*, 1934. (Pp. via 4- 589, with 340 figures.) 7s. 6d« 

An Index to the Genera and Species of the Diatomace» and their Synonyms. 
1816-1932. Compiled by Frederick Wm. Mills, F.L.S., F.R.M.S. Lon¬ 
don ; Wheldon A Wesley, Ltd., 1934. Part XVI: Na-Ni. (Pp. 1163- 
1240.) Part XVII : Ni-Pl, (Pp. 1241-1320.) 10s. each. 

The Anatomy of the Salamander. By Eric T. B. Francis, B.Sc. Lond., 
Ph.D. Reading. With an Historical Introduction by Professor F. J. 
Cole, D.Sc., F.R.8. Oxford: at the Clarendon Press; London: Hum¬ 
phrey Milford, 1934. (Pp. xxxii 4^ 381, with frontispiece, 25 plates and 
3 fibres.) 25s. net. 

Sea Trout of the Montrose District. The Bervie, the North £sk, the South 
Esk, and Coast Nets. Part I: The District and its Sea Trout. By G. 
Herbert Nall, M.A., F.R.M.S. Fishery Board for Scotland, Salmon 
Fisheries, 1934, No. HI. Edinburgh: H.M. Stationery Office, 1934. 
(Pp. 03, with 2 graphs and 7 plates.) 3s. 6d. net. 

The Natural History of the Herring of the Southern North Sea. Being the 
Buckland Lectures for 1933. By William C. Hodgson, D.Sc., Naturalist 
on the Staff of the Ministry of Agriculture and Fisheries. London: 
Edward Arnold A Co., 1934. (Pp. 120, with frontispiece and 10 figures.) 
3s. 6d. net. 

The Herring Industry. First Report of the Sea-Fish Commission for the 
United Kingdom. London: H.M. Stationery Office, 1934. (Pp. 51.) 
9d. net. 

Insect Physiology. By V. B. Wiggleaworth, M.A., M.D., Lecturer and 
Milner Research Fellow in Medical Entomology, London School of 
Hygiene and Tropical Medicine. Methuen's Monographs on Biological 
Subjects. London: Methuen A Co., Ltd., 1934. (Pp. x 4^ 134, with 
13 figures.) 3s. fid. net. 

The Locust Outbreak in Africa and Western Asia in 1933. Survey prepared 
by B. P, Uvarov, Senior Assistant, Imperial Institute of Entomology. 
Economic Advisory Council, Committee on Locust Control. London ; 
HJM. Stationery Office, 1934. (Pp. fifi, with 9 maps.) 2s. net. 

Sixth Report of the Boonomic Advisory Council Committee on Locust 
Ckintrol. London: H.M. Stationery Office, 1934. (Pp. 55.) Is. net. 
Working Dogs. By Elliott Humphrey and Lucien Warner. With a Fore¬ 
word by Raymond Pearl. Baltimore: The Johns Hi^ikins Press; 
London: Humphrey Milford, 1934. (Pp. xiv 4- 253, with 52 figures.) 
Ifis. net. 



690 SCIBKOS FEOa»]fiSS 

VeterinAiy Helminthology and Entomology. The Dieeaeee of Domesticated 
Animals caused by Helminth and Arthropod Parasites. By H. O. 
MOnnig, Dr.Phil., B.V.So., Professor of Parasitology, Faculty of Veterin¬ 
ary Science, University of Pretoria. London : Bailli^re, Tindall A Cox, 
1934. (Pp. XVI + 402, with 264 figures, including 12 plates.) 30s. net. 
Pathologic der Mitose. By Georg Politzer, Privatdozent der Embryologie an 
der Wiener Universitiit. Protoplasma-Monographion, Vol. VII. Berlin ; 
Gebruder Bomtraeger, 1934, (Pp. via -f 238, with 113 figures.) 
R,M. 16.20. 

Bacteriology and Protozoology : in Medicme and Public Health. By W. R. 
Logan, M.D., F.R.C.P.E., D.P.H. Fourth edition. Part I. Catechism 
Series. Edinburgh: E. & 8. Livingstone, 1934. (Pp. iv + 76.) 
Is. 6d. net. 

Practical Bacteriology. An Introductory Course for Students of Agri¬ 
culture. By Andrew Cunningham, D.So., Advisory Bacteriologist, 
Edinburgh and East of Scotland College of Agriculture. Second edition. 
Edinburgh and London : Oliver A Boyd, Ltd., 1934. (Pp. viii -f 203, 
with 26 figures.) la, 6d. net. 

Illustrations of Regional Anatomy. By E. B. Jamieson, M.D., Senior 
Demonstrator and Lecturer, Anatomy Department, University, Edin¬ 
burgh. Edinburgh : £. A S. Livmgstone, 1934. Section I; Central 
Nervous System. (48 plates.) la. net. Section II: Head and Neck. 
(61 plates.) 10s. net. Section III: Abdomen. (37 plates.) 6s. 6d. net. 
Section IV : Pelvis. (30 plates.) 3s. 6d. net. Section V : Thorax. 
(27 plates.) 4s. net. Complete set, 30s. net. 

The Circulation of the Blood. By Winifred Parsons, M.A.(Cantab.). Sheldon 
Books of Popular Science. London ; The Sheldon Press ; New York : 
The Macmillan Co., 1934. (Pp. 204, with frontispiece and 80 figures.) 
6s. net. 

The Improvement of Sight by Natural Methods. By C. S. Price, M.B.E., 
Pnncipal of the School of Eyesight Training, London. London : Chap¬ 
man A Hall, Ltd., 1934. (Pp. viii 4* 232, with 24 figures.) 6s. net. 

A Text-book of Hygiene for Training Colleges. By Margaret Avery, B.So. 
(London), M.R.San.I., late Vice-Principal of Warrington Training 
College. Fifteenth edition. London: Methuen A Co., Ltd., 1984. 
(Pp. XX -f 416, with 129 figures.) 6s. 

Report of the Food Investigation Board for the Year 1933. Department of 
Scientific and Industrial Research. London: H.M. Stationery Office, 
1934. (Pp. X -f 248, with 72 figures, including 2 plates.) 4s. net. 

Must Philosophers Disagree ? And Other Essays in Popular Philosophy. 
By F. C. S. Schiller, M.A., Sc.D., Professor of Philosophy, the University 
of Southern California. London ; Macmillan A Co., Ltd., 1934. (Pp. 
xii 4* 369.) 12s. 6d. net. 

Aspects of Dialectical Materialism. By H. Levy, John Maomurray, Ralph 
Fox, R. Page Amot J. D. Bernal, E. F. Carritt. London ; Watts A Co., 
1984. (Pp. vi 4- 164.) 6s. net. 

Science and Monism. By W. P. D. Wightman, M.Sc., Ph.D. With a Fore¬ 
word by Sir Percy Nunn, M.A., D.So., Litt.D., LL.D. Iiondon: Oeoige 
Allen A Unwin, Ltd., 1934. (Pp. 416.) 16s. net. 



BOOiCS EBOBIYBD 


091 

An Introduction to Theory and Practice of Psychology^ By LI. Wynn 
Jonas* M.A. (Oxon.), Ph.D. (Leipsig), Examiner in Psychology to the 
University of London. London : Macmillan A Co., Ltd., 1934. (Pp. x 
-t- 308, with 86 figures.) I2s. 6d. net. 

An Introduction to Logic and Scientific Method. By Morris R. Cohen, 
Department of Philosophy, College of the City of New York, and Ernest 
Nagel, Department of Philosophy, Columbia University. London; 
George Routledge A Sons, Ltd., 1934. (Pp. xii -f 467.) 16s. net. 

Manual Skill. Its Organisation and Development. By J. W. Cox, D.Sc., 
Research Fellow of the National Institute of Industrial Psychology. 
The Cambridge Psychological Library. Cambridge : at the University 
Press, 1934. (Pp. xx + 247, with 63 figures.) 16s. net. 

Scientific Organizations in Seventeenth Century France (1620-1680), By 
Harcourt Brown, M.A. (Toronto), Ph.D. (Columbia). Baltimore : The 
Williams A Wilkins Co.; London: Bailli^re, Tindall A Cox, 1934. 
(Pp. xxii -f 306.) 13s. 6d. net. 

Newton and the Origin of Colours. A Study of one of the earliest examples 
of Scientific Method. By Michael Roberts and E. R. Tliomaa. Clai^ics 
of Scientific Method. London : G. Bell A Sons, Ltd., 1934. (Pp. viii 4* 
133, with 8 plates and 13 figures.) 3s. 6d. net. 

Isaac Newton. A Biography. By Louis Trenchard More. New York and 
London : Charles Scribner’s Sons, 1934. (Pp. xii -f 676, with 1 plate.) 
18s. net. 

Oxford and the History of Science. With an Appendix on Scientific Cbllec- 
tions in College Libraries. By R. T. Gunther, M.A., University Reader 
in the History of Scienccn Inaugural Lecture delivered in the Examina* 
tion Schools, October 26, 1934. London ; Oxford University Press, 
1934. (Pp. 49.) 2s. not. 

Die Quaestiones Naturales das Adelardua von Bath. Herausgegeben und 
untersucht von Dr. Med. et Phil. Martin Muller, Privatdozent der 
Geschiohte der Modizin an der Universitftt Miinohen. Beitrfige zur 
Geschichte der Philosophic und Theologie des Mittelalters, Band XXXI, 
Heft 2. Munster i.W.: AschendorfiT, 1934. (Pp. viii -f 92.) R.M. 4.40. 

Die Lehre von der Bewegung bei Nicolaus Oresmo. Von Ernst Borohert. 
BeitrUge zur Geschichte der Philosophie und Theologie des Mittelalters, 
Band XXXI, Heft 3. Milnster i.W.: Aschendorif, 1934. (Pp. xvi + 
112.) R.M. 6.60. 

Thoughts of a Schoolmaster (or Common Sense in Education). By H. S. 
Shelton. London : Hutchinson A Co. (Publishers), Ltd., 1934. (Pp. 256.) 
6 s. net. 

Ronald Roes, Dragon Slayer. A Short Accoimt of a Great Discovery and of 
the Man who made it. By J. 0. Dobson. With an Introduction by 
Sir Malcolm Watson. London: Student CThristian Movement Press, 
1934. (Pp. xiv + 112, with frontispiece and 2 figures.) 3s. 6d. net. 

A Soldier in Science. The Autobiography of Bailey K. Ashfor^. London : 

, George Routledge A Sons, Ltd., 1934. (Pp. vi -f 426, with 4 plates.) 

{ 12s. 6d. net. 



fi92 SOIBNOB nstOOBBSS 

The Handbook of Palestine and Trana-Jordan* Edited by Sir Harry Luke, 
C.M.Q*, B.Litt., M.A., sometime Chief Secretary to the Government of 
Palestine, and Edward Keith-Roaoh, O.B.E,, District Commissioner, 
Northern District of Palestine. Third edition. London : Macmillan A 
Co., Ltd., 1934. (Pp. xvi -f 549, with firontispieoe and map.) 10s, net. 

The Poetical Works of Kenneth Knight Hallowes. Vol. I, 1896-1984. 
London: Methuen k Co., Ltd., 1984. (Pp. xvi 4* 211.) 7s. 6d. net. 

Measures and Weights. By Flmders Petrie, Kt., Hon. D.C.L., Litt.D., 
LL.D., F.R.S., F.B.A., Emefitus Professor of Egyptology, University of 
London. London : Methuen A Co., Ltd., 1984. (Pp. x -f 22.) 2s. net. 

Ancient Egyptian Materials and Industries. By A. Lucas, O.B.E., F.l.C., 
F.S.A., formerly Director, Chemical Department, and Chemist, Depart¬ 
ment of Antiquities, Egypt. Second edition. London : Edward Arnold 
A Co,, 1934. (Pp. xii 4* 447.) 16s, net. 

The Preservation of Antiquities. By H. J. Plonderleith, M.C., B.Sc., Ph.D., 
F.R.S.E., Assistant Keeper m the British Museum Laboratory. London : 
The Museums Association, 1934. (Pp. vin 4* 71, with 2 plates and 
5 figures.) 2s. 6d. 

The Human Gyroscope. A Consideration of the Gyroscopic Rotation of 
Earth as Mechanism of the Evolution of Terrestnal Living Forms. By 
Arabella Kenealy, L.R.C.P. (Dublin). London: Jolm Bale, Sons A 
Danielsson, Ltd., 1984. (Pp. vi 4* 313, with 16 plates.) 12s. 6d. net. 

Surveying for the Drawing Office. By L. C. Stanley. The Association of 
Engineering and Shipbuilding Draughtsmen. London : The Draughts¬ 
man Publishing Co., Ltd., 1934. (Pp. 51, with 28 figures.) 3s. net. 

Fabricated Welded Steel Construction. By J. Collinson, M.I.W.E. London: 
The Draughtsman Publishing Co., Ltd., 1934. (Pp. 52, with 12 figures 
and 15 photographs.) 3s. net. 

The Power Factor Booklet. By Richard Amberton, M.I.E.E. Second 
edition. London : The Electrical Apparatus Co., Ltd., 1934. (Pp. 82, 
with 12 figures.) 2s. 6d. 

Bulletin of the National Research Council. No. 94. Fellowships and Scholar¬ 
ships for Advanced Work in Science and Technology. Third edition. 
Compiled by Callie Hull and Clarence J. West. Washington, D.C.: The 
National Research Council of The National Academy of Sciences, 1984. 
(Pp. 194.) $1.00. 

Bulletin of the National Research Council. No, 95. Funds Available in the 
United States for the Support and Encouragement of Research in 
Science and its Technologies, Third edition. Compiled by Callie Hull 
and Clarence J, West. Washington, D.C.: The National Research 
Council of The National Academy of Sciences, 1984. (Pp. 162.) $1.00, 

The Subject Index to Periodicals, 1933. London ; The Library Association* 
1984. (Pp. X 4- 646.) £8 10#. 

Your Meals and Your Money. By Gove Hambidge. New York and London ; 
Whittlesey House, McGraw-Hill Book Co., Inc., 1984. (Pp. xvi 4- 190, 
with graphs and tables.) 6#. 



SCIENCE PROGRESS 

PROBLEMS OF SEX IN THE HIGHER FUNGI 

By H. C I. OWYNNE VAUOHAN, Q.B.E., D.So. 

Prof«i9or of Botany in tho VnxoottUy of London^ Birkbtek CoUtgo 

Among the lower plants reproduction may take place either by the 
development of non-sexual spores, each of which germinates without 
fusion to give rise to a structure like that on which it grew, or by the 
formation of sexual cells the union of which results in a new plant. 
In either case a stimulus to growth is involved, and the advantage 
of the sexual process presumably lies in the opportunity it affords 
of bringing together cells from different individuals so that fresh 
combinations of characters occur. Among aquatic forms, many 
of which are free swimming or liberate free-swimming cells, the union 
of sexual elements from distinct individuals offers no insuperable 
problem, but, with the invasion of the land, a more difficult situa¬ 
tion has to be faced. In green plants it is met partly by the per¬ 
sistence of the motile male cells, though this demands the presence 
of external, fluid water at the time of reproduction, and partly by 
the formation, as the ultimate product of fertilisation, of vast quan¬ 
tities of spores, each capable of giving rise to a new sexual plant. 
Frequent failure can be disregarded when success is thus increased 
by many hundredfold. Spores of this type are produced in groups 
of four in spore mother cells and their development is associated 
with the reduction division or meiotic phase, by which the number 
of chromosomes, doubled in fertilisation, is returned to the original 
figure. The chromosomes, transmitted from cell to cell throughout 
the organism, carry the heredity characters. 

The fungi differ fixim other plants in being without chlorophyll 
and, Uke animals, are therefore dependent for their organic food 
on the substances manufactured by green plants. Some, such as 
the white and blue moulds, infect plant or animal remains, others 
develop as parasites on green plants, or, more rarely, on animals, 
and form the rusts, smuts, mildews and other diseases which trouble 
the fanner. Among fungi, as among green plants, the device of 
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multiplying the effect of fertilisation by means of spores is widely 
employed, but the motile male cell disappears while the vegetative 
plant is still aquatic, and the motile spore is discarded soon after 
adaptation to subaerial conditions has begun. Thus the higher 
fungi, Ascomycetes and Basidiomycetes, entirely lack motile cells 
and their only power of movement is by the directive growth of their 
filaments. 

In these groups the vegetative body consists of a mass of 
branching threads, the hyph®, which together constitute the myce¬ 
lium, and may grow singly or be interwoven to form a solid struc¬ 
ture as in toadstools and bracket fungi. The hyph® are septate, 
each cell containing one or more nuclei, but the walls are formed by 
the ingrowth of a ring of material so that, in young filaments, the 
centre of the wall is incomplete, and cytoplasm, vacuoles and nuclei 



Fio. 1 .—Atcophanus Aurora, group of byphs between which fueion hee tak e n 

place. X 1,600. 

can pass unhindered from cell to cell. At a later stage, when the 
central pore is more nearly closed, vacuoles may be seen to squeeze 
through, changing their shape as they go, or may be retained, as in 
a backwater, against the completed sides of the wall. Another 
means of communication (Pig. 1) is by the fusion of a h 3 rpha with 
another part of the cell from which it arose, with a separate branch 
of the same mycelium, or with a mycelium from a different source. 
Sometimes germ tubes from three or four spores will unite in this 
way so that, in the resulting hyph®, the same cell contains nuclei 
of different origin and carrying different hereditary characters. The 
vegetative intermingling of distinct individuals thus achieved offers 
an interesting physiological problem. Multiplication by wind- 
bome spores known as conidia, uncoimeoted with the sexual process, 
is common, especially among Ascomycetes and, while some species 
show normal sexual reproduction, in very many others the 
organs have disappeared and an advanced stage of apogamy has 
been reached. 
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Among Asoomyoetes Pmcyatia apis, the cause of chalk brood 
disease in bees, is ^oecious, having separate male and female plants 
(Fig. 2) which differ in v^etative characters, the male being larger 
than the female. When they meet, sexual branches are formed. 
Dioecism has also been recorded in the Laboulbeniacese, a family 
of external parasites on beetles and other insects. In these non- 
motile species the dioecious condition involves the risk that elements 
of different sex will fail to make contact and that reproduction, 
therefore, will not take place. In the Laboulbeniacese this diffi¬ 
culty is largely overcome by the motility of the insect hosts, inter¬ 
change of the sexual elements of the fungus occurring when the 
insects pair or when they are crowded together. 



Fio. 2 .—PericyHte api$t long branch of a malo plant meeting ghort branch of a female 

plant of the game age. 

The bkok doll Indicgto ttie pOilUon of loxtutl organii where they have met. 8U|^Uy eoiizged 

CUuMen). 

Monoecious forms, in which the same plant bears both male 
and female organs, have a far better chance of fertUisation, but, if 
union takes place between the products of the same vegetative body, 
no fresh grouping of characters can be expected. When an organism 
is well suited to a stable environment this may be actually an advan¬ 
tage, but it limits the possibility of adaptation should the environ¬ 
ment change. 

On patches of burnt ground a little, pink, ascomycetous species, 
known as Pyronema eonfluens, is sometimes to be seen which 
reproduces only by the sexual method. Male and female organs 
(Fig. 3) are borne on branches of the same mycelium. The male 
organ, or antheridium, is an oblong sac containing 100 to 200 
nuclei; the oogonium, or female organ, is stouter, but the number 
of nuclei is about the same, and, from the distal end, a relatively 
narrow branch, the trichogyne, grows out and makes contact with 
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the antheridium. The intervening walls are disaolved, and the male 
nuclei travel through the trichogyne to the oogonium where they 
are seen to fuse (Fig. 4) in pairs with the female nuclei. After 
fertilisation numerous branches, the asoogenous hyphse, bud out 
from the oogonium (Fig. 5); at their ends the asci, or spore mother 
cells are developed, reduction divisions take place, and spores are 
produced. Nuclei which fail to fuse remain in the oogonium and 
there disintegrate. 

The life history of this and related forms is complicated by the 



Fios. 3, 4, 6 .—Pyronema confluena. 


Fig 8 ihows two pBlra of hexnal organe From each oogoiUum a trichogyne has grown out and haa 
made contact ¥dth the antheridium x BOO 

In Fig On eeen a Hmall part of an oogonium at Uie time of fertUlaatlon. showing male and female 
nuclei in wooess of fusion x 1,300 

Fig 6 snows an oogonium after fertilisation with asct^enous hyphae growing upwards, the nearly empty 
antheridium C5an be seen on the left still In continuity with the trlcmogyne, trie contents of which are 
beginning to dislntemate and are deeply stained The branches shown in outline are those forming the 
sheath of the fructltlcatlon x BOO 

occurrence of a second fusion of nuclei in the young ascus, making 
the nucleus of the spore mother cell tetraploid (with four sets of 
chromosomes instead of the usual two), and by a correlated second 
reduction, which ensures the presence of a single set of chromo¬ 
somes in the spore. This state of affairs has the curious consequence 
that, after sexuality is lost, meiosis, the ultimate stage of the sexual 
cycle, may be retained in relation to the fusion in the asous. Such 
is the case, for example, in Pyronema domeeticum, found on damp 
walls and ceilings. Here some of the female nuclei in the oogonium 
unite with the entering male nuclei, but others, apparently stimu¬ 
lated by changes associated with the presence of the latter, pass 
unfused into the asoogenous hyphse, so that, before the fusion 
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in the asous, some cells hare diploid nuclei, with two sets of 
chromosomes, and some haploid nuclei with a single set. 

The occurrence of two fusions in the same life history is so 
imusual that many investigators have been led to doubt whether 
both really occur. The fusion in the ascus is easily recognised and 
aU observers agree that this takes place. The fusion in the oogoniun 
seems to possess a more sensitive mechanism, for it can only be 
seen in material killed in a condition of health and full activity. 
Since a hundred or more nuclei may fuse simultaneously in a single 
oogonium, whereas the ascus fusions take place singly, the sexual 
fusion is not only far more striking when found, but far more easily 
missed. Certain authors, who have 
recorded the entry of the male nuclei 
into the oogonium, but have not ob¬ 
served fusion, have suggested that 
male and female nuclei travel in pairs 
up the ascogenous hyphsc and are 
united by the fusion m the ascus. 

Colour is given to this hypothesis by 
the fact that many cells of the asco¬ 
genous hyphsB are binucleate, and by 
the attractive comparison instituted to 
the binucleate cells of Basidiomycetes 
shown in Fig. 28. 

Where, as in Pyronema, theoogonial 
fusion has been described, the evidence 
rests on three main criteria: 

(i) On the observation of the 
entry of male nuclei and of male 

and female nuclei in process of fusion (Fig. 4). 

(ii) On chromosome counts, the chromosomes in the nuclei of 
the ascogenous hyphse (Fig. 6) being twice as numerous as in the 
nuclei of virgin oogonia and other cells (Fig. 7) of the sexual plant. 

(iii) On changes in the number of nuclei in the oogonia. This 
is best elucidated by an example. In Pyronema confluene the 
average number of nuclei for 18 virgin oogonia was 160, for 18 oogonia 
after the male nuclei had entered 276, and for 18 oogonia from 
which ascogenous h 3 rph 8 e were begiiming to bud (a stage rather 
earlier than that in Fig. 6) 163. This means that an average of 
126 male nuclei entered the oogonium and that an average of 113 
of these fused with female nuclei, leaving a few of both sexes 
unpaired, so that the total number of nuclei was first increased by 
the entry of the male elements, then diminished by their fusion. 


Fio«. 6 and 7 —Pyronema 
confluena. 

Ftg. a shows tlio Up of an aBoogenons 
hypha In which two nuciel are preparing 
for dlvtoloD, in each are 12 darkfy-staiuea 
dot«—the ohromoBometi, the larger, round 
objects are nucleoli x 2,000. 

Fig 7 AhowB the Up of a TogetaUve 
hirpha before fertilisation; the naoleos U 
at a iitage similar to Uiose In Fig 0, but 
shows only 0 chromosomes, the haploid 
number, x 2,000. 



SOIEKOX FBOGSBSS 


698 

Such observations have now been made in a number of speoiee. 

The asoogenous hyphea are variable in appearance, those first 
put out being sometimes nearly as wide as the oogonium from 
which they develop, but sooner or later narrow branches are formed 
(Fig. 8) in which the nuclei must lie in single file. Nuclear division 
takes place simultaneously at first, when there are no walls, through¬ 
out the mass of hyphse, later throughout each branch, walls being 



Fias. 8-13. —Pyronema conflumSf asoogenouB hyphie. 


In Fig 8 four nuclei are in prooeiM of dlvliiloD, Uioir aplndles moro oar leaf pnnllol to the long alia of 
the hypha 

Figs 9 and 10 show the formation of blnucleato oella with a uninucleate (or trlnucteate) cell at each end 
of the row 

In Fig 11 the hinuoleate cella are budding out, In Fig 12 the nndel of a branch flrom a blnucleate cell 
are dlvkung, and in Fig 18 the dlvlaion la complete, each branch being curved over and oonalatlng now of 
three oella, that in the middle la blnucleate, thoae at the enda contain one nuoleua each. In Flga. 11| 12 
and 18, the nninuoieate distal cell of the original aaoogenoua hypha can still be seen. X 1,900. 


laid down at right-angles to the nuclear spindles. When division 
is complete a vacuole marks the position of the old nuclear area 
(Fig. 9) and it is across this (Fig. 10) that the wall appears. As a 
result the sister nuclei lie in different cells (Fig. 10), the distal 
daughter nucleus of the distal division in a cell by itself, the proxi¬ 
mal daughter of the distal division with the distal daughter of the 
penultimate division, and so on, each cell, except those at the ends 
of the series, containing two nuclei which are not sisters and may 
not be related. The hinuoleate cells hud out (Fig. 11), their nuclei 
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pass into the branch and there divide (Fig. 12), so that two uni¬ 
nucleate cells are produced with a binucleate cell between. This 
binucleate cell may form the ascus, its two nuclei, which are 
descendants of the fusion nuclei of the oogonium, undergoing a 



Fia. 14.— A^cophanuB AuroTQ, 

OogonhUDMid trlchofyne lying almont borlxontnUy, ibe rounded nntheridiam li In oonUct with the trioti* 

ogyne. x 1,000 

Fio. 16.— Pyronema confluens. 

Oogonium, trlchogyno nnd nniheridlum x 1,000. 

Fio. 16 .—Asoobolue magniflcua. 

_„ „ ^ _ I tUlk; from it the triehogyne 

ourYM downward! on tbe right and to in continuity with the nntheridlum Near the Up of the triohogyne 
the walla have been pieroea by the passage of the male nuclei, x 1,000 

Fio. 17 .—Humaria granukUa, 

An oogonium mounted on a stalk, there to no triohogyne and no antheridium; a few hyphn of the 
sheath have grown up round the oogonium, x 1,000. 

second fusion, or it may branch again and again before ascus 
formation takes place. When the ascus is about to be produced, 
the branch usxially curves over (Fig. 13), constituting the familiar 
orozier. Its two uninucleate cells may join forces and grow out 
as a new, asous-forming branch. The method of division and cell 
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formation at this stage ha« long been known, but it is comparatively 
lately that it has been correlated with the earlier cell divisions of 
the ascogenous h 3 T)h 8 e. 

A minute, greenish species found on sheep pellets, Aacophanua 
Aurora, shows a type of sexual apparatus very like that of Pyro- 
nema, but the oogonium is twisted and has 8 to 20 nuclei, while the 
antheridium is globular or drumstick shaped and contains only 
4 to 10. Figs 14 to 17 show the relative size of this and other 
forms shortly before fertilisation. After fertilisation the superfluous 
female nuclei remain and disintegrate in the oogonium. The small, 
globular antheridium is of interest since it is often broken off" from 
its stalk and may be a forerunner of the detachable antheridium, 
known as a spermatium, whieh is found in many of the fungi and 
appears to be carried to its destination by the wind or insects. 
In the parasitic rust fungi insect visitors are encouraged by the bright 
colour and sometimes by the scent of the infected areas as well as 
by the secretion of a sugary juice. 

Another monoecious f^orm on dung with normal fertilisation is 
Aacodeamia ntgricana. Here, however, the trichogyne is not a 
later outgrowth of the oogonium but a distal cell cut off from the 
female branch in the course of development. 

A trichogyne of the Ascodesmis type, but divided into many 
cells, is also found in Aacobolua magnificua, a species with reddish- 
brown spores discovered in the neighbourhood of New York. The 
sexual branches become twisted round one another (Fig. 18), the 
antheridium and trichogyne make contact, the oogonium swells 
and the male nuclei travel from cell to cell through the trichogyne 
till they reach the female organ. The last wall is pierced, they 
pass through and fuse in pairs with the female nuclei. Throughout 
their journey and at the time of fusion male nuclei can be distin¬ 
guished by the fact that they contain two chromatin masses instead 
of the single mass seen in the female nuclei. Ascogenous hyphse 
(Fig. 19) and asci are formed as in Pyronema. 

In all these monoecious fungi fruits appear in single spore cul¬ 
ture, but, in Aacobolua magnificua, single spore cultures are per¬ 
sistently sterile. Rudiments of sexual branches are formed, but 
they die too soon for their sex to be determined. It is only when 
appropriate plants are brought together that the sexual organs con¬ 
tinue to develop and fertilisation occurs. The plants of Ascobolus 
thus fall into two categories which are indistinguishable in appear¬ 
ance and may be conveniently referred to as A and B. Two A or 
two B mycelia in contact are sterile, but, when A and B meet, male 
organs mature on the younger branches of each and pair with female 
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organs from the older branches of the other, or complementary 
strain. Aacobolus magnificusy though monoecious, bearing male 
and female elements on the same plant, is self-sterile, in this respect 
resembling certain monoecious cherries and other trees. It has not 
reverted to dioocism, but has obtained the same result, the inter¬ 
mingling of characters from two individuals, in a new way. It 
may perhaps be surmised that, in a changing environment, the 
limited variability associated with constant self-fertilisation became 
harmful and, since an evolutionary step can apparently never be 



triohoff^« X 350 

In fig 19 l8 §wn an ooganiuni ♦Yom which a«cugonou8 hyph» are growing out, the cx>Ued trirhogyne 
and the antheridium round which it l» twisted are empty, x 360 

retraced, survival lay with those forms which, by a fresh device, 
ensured the combination of characters from different individuals. 

In the fungi so far considered the normal union of male and 
female elements is retained and is available in Aacobolua magnijicua 
as a means of bringing together the nuclei of complementary strains. 
But in very many fungi one or both of the sexual organs have 
disappeared. This may be regarded as the natural consequence 
of continued self-fertilisation ; fresh characters are no longer-brought 
together and the process has lost its chief importance. In Humaria 
granulata, an orange species very common on cow dung, the myce¬ 
lium gives rise to oogonia (Fig. 20) but antheridia are never seen. 
In single spore culture or when two A or two B mycolia meet 
(Fig. 21) the oc^onia soon die, but, if two complementary myoelia 
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Fio 20. —Humaria ffranukUa, young oogonia. x 300. 



Fxa. 21 *—Hwnaria granukUa, part of a culture 7 days old, showing dead oogonia 
where two B myc^lia are in contact, x 140. 
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are present (Fig. 22), many of the oogonia put out asoogenous hyph» 
and give rise to ascus-bearing fimits. This development depends on 
the fusion of the hypha on which the oogoniiun is home with a 



Fio. 22 .—Humana gronulata, part of a culture 7 days old, ehowing young fruits 
where an A and a B myoeuum are in contact; two or three dead, unsuooessftil 
oogonia may also be seen, x 140. 

branch from a complementary strain (Fig. 23). The co-operation 
of the two strains is demonstrated by the fact that the resultant 
asci contain both A and 6 spores. 

A very similar condition is found in Neurospora, the red bread 
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mould, a troublesome pest in bakeries and elsewhere. Here, as 
in Humaria, the antheridium is lacking and the female branch 
develops in relation to a mycelial fusion, but, whereas the union 
of nuclei in the oogonium is still retained in Humaria, in the investi¬ 
gated species of Neurospora it has wholly disappeared. Two species 
are of special interest. In N. sitophila the ascus contains eight 
spores, uninucleate at their first formation, four of which give rise 



Fia. 23 —Hurrmria granulcUa, an oogonium developing where an A and a B mycelium 
have fused , a fusion is to be seen on the left and others are indicated near the 
top. X 300. 


to A and four to B mycelia. In JV. tetraaperma similar A and B 
spores are sometimes obtained, but more commonly the ascus 
contains four large spores each of which receives an A and a B 
nucleus. The mycelium from such an AB spore is fertile in single 
spore cultiire. The convenient term homothallic is applied to these 
mycelia, and the term heterothallic to A and B strains like those of 
N, sitophila, Humaria qranukUa and Ascobolus magnificus. A good 
many fungi are now known which possess both large, homothallic 
and small, heterothallic spores. In Neurospora a successful study 
has been made of the inheritance not only of the A and B factors 
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but of 8uob characters as the colour of conidia, and the usual men- 
delian lines are found to be followed. 

Sometimes the heterothallic condition is associated with differ¬ 
ences of structure, as in OlomereUa cingulata, where A has more 
aerial hyphse than B, or with differences in energy of development, 
as in Penicillium luteum, a species related to the blue mould on 
cheese. In Glomerella both A and B mycelia may give rise alone 
to fruits with fertile spores, but reproduction is far more energetic 
when the complementary strains have met. 

The next step in the loss of the sexual apparatus is the dis¬ 
appearance of the female organ, the ascogenous hyphee arising 
direct from vegetative cells, sometimes after fusion of vegetative 
nuclei in pairs has taken place, sometimes when this also has been 
lost and, as in Neurospora, the only nuclear fusion is that in the 
ascus. This is the case with many of the larger members of the 
Ascomycetes, but most of them have proved difficult to grow in 
culture, so that their hetero- or homothaUic condition has not yet 
been aseertained. 

In the Basidiomycetes, on the other hand, numbers of cases at 
the corresponding evolutionary level have been studied and the 
details of development are thoroughly known. This group includes 
such parasites as the rusts and smuts of wheat and also a consider¬ 
able series of forms on non-living, organic substrata, of which the 
mushrooms, toadstools, puffballs and bracket fungi are familiar 
examples. 

The rusts, which still retain their sexual cells, are characterised 
by their large variety of spores and by the fact that many of them 
spend the sexual stage of their life history on one host plant and the 
stage associated with the reduction division on a different species 
The rust of wheat, Puccinia Oraminis, for example, undergoes the 
first stage of its development on the barberry. On this host it 
produces chains of binucleate spores, grouped in cluster cups (Fig. 
24) and arising from a layer of female or fertile cells (Fig. 26). These 
cells are at first uninucleate, but during their development a second 
nucleus enters, though fusion does not take place, being postponed 
till, after the infection of the wheat plant and an extended period 
of growth and division, meiosis is about to occur. In many rusts 
inoculation made on a host leaf by a single spore will result in the 
formation of cluster cups with spore chains from the female ceUs: 
these species may be described as homothaUic. In others, such as 
Puccinia Oraminis, single spore infections are fertile only to a limited 
extent and after several weeks. If, however, contact is made 
between inoculations from two complementary strains, abundant 
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oltister cups appear in ten or eleven days. The mycelium which 
bears the female cells also bears groups of hyphse (Mg. 26) giving 
rise to small cells, the spermatia. These have never been seen to 
form a mycelium, and, by reason of their large nuclei and scanty 
food reserves, it was long ago suggested that they were detachable 
male organs. Unfortunately, we do not yet know the cytological 
details of their behaviour, but recent work in Canada has made 
clear that the addition of spermatia to a single spore infection of a 
complementary strain results in the energetic formation of cluster 
cups, whereas spermatia grown on the same mycelium as the female 
cells do not produce this effect, so that a case of heterothalhsm or 



Fio. 25 .—Uromyces Pom, longitudinal section through a young cluster cup showing 
rows of birucleate cells. X 310 (Osfter Blackman and Fraser). 


Fig. 26. — Oymno8por<mgium clavemeformcBf receptacle containing spermatia which 
have been cut off from the narrow hyp^ at the base. X 260 {after Blackman). 


Belf-sterUity similar to that of Aecobdus magnificue appears to be 
indicated. 

In the smuts and also in the section to which the mushroom 
belongs—the Hymenomycetes—there is no trace at all of sexual 
organs. In 1918 it was, however, discovered that, if the hymeno- 
mycetous species Coprinua lagopua, one of the inkcaps, is grown 
tmder controlled conditions, the single spore cultures may produce 
small spores known as conidia but otherwise remain persistently 
sterile. But, when two complementary strains are present or 
when conidia from one strain are carried to the other, the oharao- 
teristic, mushroom-like fructifications develop and bear spore 
mother cells, the basidia (Fig. 27), in which meiosis takes place 
and which produce externally fomr basidiospores. A similarly 
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heterothallio condition hag been found in a laige number of other 
gpecies, and homothallic forms, for example the 
mushroom itself, are also known. It would 
appear that in nature the oonidia are often 
carried by insects. When a basidio-spore 
germinates it gives rise to a mycelium of 
uninucleate cells with wide spreading branches. 

When two such mycelia meet, if the form is 
heterothallic and they are of different comple¬ 
ment, the hyphse fuse and a mycelium of 
binucleate cells is formed. This process, in 
reference to the fact that the cells now con¬ 
tain a double outfit of chromosomes, though 2i.—stropharia»emi- 
stm in separate nuclei, has been known as 

diploidisation. Such a mycelium is charao- contammg four nuclei »ad 
terised by branches growing at an acute 
angle and by the presence of those curious 

structures termed clamp cotmections 
(Fig. 28). The clamp originates as 
a minute outgrowth just above the 
zone where a cell wall is about to be 
laid down and later reunites with 
the parent cell. The two nuclei in 
the cell divide simultaneously, one 
daughter of each goLug to each new 
cell, till at last, when the basidium 
is formed, the two nuclei present in 
it fuse in preparation for meiosis and 
spore formation. 

Inmost heterothallio species there 
are two strains, A and B, and, just 
as the A and B factors are segregated 
in the meiotio phase in the ascus of 
heterothallio Asoomyoetes, so here A 
and B are separated in meiosis in 
the basidium, so that two of the 
basidio-spores give rise to A and two 
to B mycelia. In some Basidio- 
n .n .r, /w myoetes, however, there are four 

myvMitMi)* binuoioftto hjrphjd 'with tii686 &r6 uoteriniiiod. py t/llO 

ohmp ooniM oti^ . X 600 (<^^ segregation in the basidium by four 
*^™***'' factors which may bo represented by 

A, a, B and 6. Each baskliospore teoeives A or a and B or h so that 
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the four strains are AB, A6, aB and ab. Fruotifioations are only 
formed when the union of AB and o6, or of Ab and oB brings A, a, 
B and b together. More rarely three strains are found, AB, AC 
and BC, the association of any two of which provides the factors A, 
B and C required for fruit formation. The situation is further 
complicated by the fact that the complementary strains of one 
fructification may all be fertile with all the strains of another, A 
with A and B with B, or AB with AB, so that, in some species, a 
hundred or more strains with different reactions may be recognised. 
Nor is it impossible for a single mycelium in a heterothallic species 
to give rise to a fructification and produce fertile spores alone. As 
in the rusts, such a development is usually much slower than that 
induced by the meeting of complementary strains, and the basidio- 
spores show, as might be anticipated, only the characters of the 
single myceha from which they arose. The same thing has been 
observed in heterothallic Asoomycetes. 

In the higher Basidiomycetes there is no sign of any sexual 
apparatus; when the union of complementary strains was first 
observed it was assumed to constitute a sexual process and the differ¬ 
ence between the complements was regarded as one of sex. There 
are many difficulties, however, in this conception, not the least 
being the idea of three or four or even a larger number of sexes, a 
thing unknown in plants or animals possessing sexual organs. We 
know now that, in forms such as Aacobolua magnificua, hetero- 
thallism can coexist with normal sex, so that it must be regarded, 
rather, as a form of self sterility. It may be surmised that, whereas 
self sterility developed in Aacobolue magmficua while the sexual 
organs were still functional, and in Humaria granulata and others 
after the antheridium had disappeared, in Hymenomycetes it was 
not established till after all trace of the sexual apparatus had been 
lost. We may regard heterothallism, or self sterility, not as dioecism 
—the separation of the sexes in different individuals—but as a 
special adaptation, replacing and in many respects fulfilling the 
function of a dioecious condition which has been lost, not impossibly, 
in coimection with the invasion of the land. 
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“ Brown paper soaked in oil ” is the description generally given 
of the dielectric used for the insulation of high voltage cables. It 
was the dielectric first used by Ferranti when, in 1890, he conceived 
and carried through by heroic personal enterprise the project of 
generating and distributing electricity at 10,000 volts at Deptford 
power station. And it is a matter which has not escaped critical 
comment, that to this day the cable maker has nut found a more 
satisfactory material. 

This failure to make any radical development cannot be attri¬ 
buted either to the technical perfection of the material or to the 
lack of financial inducement to discover superior materials and 
methods. It is not generally realised how large a part the cost of 
distribution contributes to the total cost of electricity. If we refer 
to the Electricity Commissioners’ Returns, we find that at March 
1932 the capital cost in Great Britain of the overhead lines and 
cables (£161 m.) was greater than the capital cost of the whole of 
the generating plant and machinery (£98 m.), by 1-6 times. If we 
consider working costs we find that in the previous nine years, 
technical development of the generating plant has resulted in the 
average coal consumption per unit generated being brought down 
from 8-42 lb. to 1-78 lb.—a reduction to 62 per cent. Over the 
same x>eriod the contribution made by distribution to the total 
working costs (excluding capital charges) has risen from 9-7 per cent, 
to 16*8 per cent. 

We can see, therefore, that development in transmission effi¬ 
ciency has not kept jiaoe with the development of generating 
machinery ; and it is clear that if the cost of transmission could be 
reduced, it would result in a substantial lowering of the total cost 
of electricity delivered to the consumer. In particular, if the cost 
of the underground high voltage cable could be reduced to that of 
the overhead line, and certain technical difficulties in the use of 
long lengths of high vcdtage cable could be overcome, enormous 
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advantages should result, not the least of which would be that it 
should render unnecessary the building of super power stations on 
important sites in the centre of large urban districts. 

In pressing forward technical development, however, the cable 
maker finds himself peculiarly handicapped by the lack of any 
rational theory of the breakdown or behaviour of dielectrics imder 
electric stress. Numerous workers have attacked the problem of 
breakdown strength with so little profit that the subject is now 
viewed with something of distaste, except by those who ate forced 
to it by the necessity of meeting practical requirements. We find, 
for example, m the Dictionary of Applied Phyaica that, in the two 
articles on “ Dielectrics ” and “ Insulated Electric Cables,” practi¬ 
cally no reference is made to the question of dielectric strength. 

In other directions we find that theoretical treatment has little 
assistance to offer. Swiedler’s laws show that the A.C. pheno¬ 
menon of dielectric loss is closely associated with the D.C. pheno¬ 
menon of absorption ; but carry the subject no further. Debye’s 
dipolar theory does provide a real physical insight into dielectric 
loss under A.C. stress under certain restricted conditions which 
are unfortunately outside the workmg range used by the cable 
maker. 

The absence of a reliable theoretical background would not 
prove so severe a handicap if, like the mechanical engineer, the cable 
maker could determine empirically by one or two simple tests the 
strength of his materials and completed structures. Actually it 
has not been found possible to formulate any test or system of tests 
which will determme with certainty how the cable will behave 
under workmg conditions. 

The difficulty arises from the oircumstanoe that it appears im¬ 
possible to specify with one figure a value for the A.C. breakdown 
strength of any material. As the electric stress or potential gradient 
is raised, there is no well-defined limit marking the boundary between 
failure and non-failure. If different stresses are applied to a number 
of identical specimens it is found that in addition to a wide dispersion 
of the results there is a general drift, so that the higher stresses give 
the shortest testing times before breakdown or “ life.” By a 
sufficient number of lengthy tests this curve of electric stress against 
life can be traced out as far as perhaps a life of 200 hours. As 
generally plotted, the curve by this stage appears to be fairly flat, 
but the problem to be faced is whether an asymptotic value has 
really been reached so that any stress below this level can be safely 
applied without risk of failure. The practice of the cable maker 
is to take this level and use a factor of safety of four times for hi" 
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working deeigns; and judged by the standards of meohanioal 
engineering, this oan hardly be criticised as unenterprising or unduly 
conservative. 

It will be seen, however, that this level giving the stress for an 
arbitrarily selected life of 200 hours can only be determined by a 
tedious series of tests which is too expensive to be embarked upon, 
except in special cases. Many attempts have been made to eliminate 
this difficulty by devising systems of testing in which the voltage 
is raised by arbitrarily selected steps at arbitrarily selected intervals 
of time. In this way, very high stresses are soon reached, and the 
breakdown of every specimen in a short time is assured. An enor¬ 
mous amount of work on these lines has been published which, when 
judged by the test of its influence on cable practice, can only be 
regarded as somewhat unprofitable. The explanation probably lies 
with very recent work, from which it appears that at the highest 
stresses the breakdown is of a different typo from that which occurs 
at working stresses. 

The interactions between the oil and the paper, by which the 
combination forms a dielectric of high breakdown strength, are 
little understood. Oil is universally recognised as a dielectric of 
high value. A long electric path of oil, however, fails to develop 
a high electric strength because of the ease with which the liquid 
oan be brushed aside by the mechanical forces brought to bear by 
the incipient avalanche of electrons constituting a fiashover or 
breakdown. The function of the paper apparently is to provide 
a dense matnx of fibres which act as a mechanical grid supporting 
the fluid and retaining it in position. 

If this is correct, we should not expect variations in the make-up 
of the paper to be of great importance. This is, in fact, found to 
be the case. Papers made of wood pulp, mixtures of wood pulp 
and manilla, and even cotton fibres, are used with equal success. 
Apart from obvious matters, such as chemical purity and uniformity 
of thickness, the physical property which specially interests the 
cable maker is the porosity of the paper. This is measured on an 
instrument which measures the resistance to the flow of air under 
pressure through a single sheet of the paper. It is reduced to a 
coefficient corresponding to the volume flowing in unit time, through 
a unit area of the paper, for a unit pressure gradient and for a fluid 
of unit viscosity. A number of tests have shown that when cables 
are made by identical processes, but of different papers with varying 
thickness and porosity, the physical fstotor which best correlates the 
resulting figures for breakdown strength, is the porosity. The 
lower the porosity, the higher the dielectric strength. It is not 



SCIENOS PBOOBKSS 


612 


Medium oil* 20% ream 


possible, however, for the cable maker merely to specify a paper 
with an extremely low value of porosity. In this case, the paper 
maker merely increases the beating time of the piilp, until the 
fibres are hydrolised or beaten out of recognition as fibres, and the 
result is a grease-proof type of paper, which sets more as an amor¬ 
phous mass, rather than an interlacing matrix of well-defined fibres. 
Either this, or excessive calendering of the surface, results in a paper 

which caimot be impregnated. 
Not only can the interior of the 
individual sheets not be impreg¬ 
nated even by immersion, but if 
the paper is made up into a 
cable with a dielectric wall of 
say 1-0 cm., then it is found 
impossible for the impregnating 
fluid to reach the centre papers 
because of the low porosity of 
the papers through which it 
must pass.^ We thus reach at 
an early stage the necessity of 
striking a balance between tech¬ 
nical and economic requirements, 
such as is the end of most tech¬ 
nical enquiries in industry. The 
cable strength can be increased 
by lowering the porosity of the 
paper, but this increases the 
time and cost of the impregnat¬ 
ing process. 

The oil used is generally a 
mineral hydro-carbon of the 
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Pennsylvania type. At working temperature the viscosity of the oil 
must sufficiently high to prevent the oil draining along the cable 
while it is wound on the cable drum, or when laid out of the hori¬ 
zontal. At the same time, it is necessary for the viscosity at a 
temperature of about 100° C. to be sufficiently low to allow impregna¬ 
tion of the dielectric wall within a reasonable and economic time. 


^ In the normal pioceas of manufacture the paper tape is wound unim¬ 
pregnated on to the conductor. The half-finished cable is then placed in 
a t ank and dned by a combination of vacuum and heat. When drying ia 
complete, the vacuum in the tank is raised to the necessary level, and the 
impregnating fluid is admitted under vacuum. After thia the cable is lead 
sheathed. 
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What ia required, therefore, is an oil with a high negative temperature 
coefficient of viscosity. The use of resin in solution in the oil is 
well knowm for this purpose, but the point is illustrated by Fig. 1, 
showing viscosity temperature curves for the heaviest oil t^t could 
be utilised by itself, and for a “ compound ” consisting of a 20 per 
cent, solution of resin in a medium-grade oil. The enormous 
advantage obtained in this way by the use of resin is the only 
justification for admitting a material of which otherwise the chemical 
activity and physical instability form a constant source of difficulty. 

The high voltage cable thus consists of a stranded copper con¬ 
ductor covered, to a suitable thickness, with paper applied in the 
form of tajKi wound on helically, dried, and impregnated by suitable 
means and the whole enclosed and protected by means of an extruded 
lead sheath. 

Wo now arrive at the cable makers’ main problem. As soon 
as the cable is used, the heat generated in the copper by the electric 
current causes a rise of temperature. The temi)erature coefficient 
of expansion of any liquid that can be used for impregnation will 
be in the neighbourhood of 0 0007/° 0., which far outweighs that 
of any other constituent of the cable. As the compound expands, 
the excess is forced outward from the centre through the paper 
laminations. At the outside, the lead sheath must be permanently 
distended When the cable cools the lead sheath is sufficiently 
rigid to withstand atmospheric pressure without contraction or dis¬ 
tortion, and as the compoimd contracts, therefore, the pressure 
inside the lead sheath immediately falls to a level governed by the 
volume of residual gas left in the cable at the moment of lead sheath¬ 
ing. Moreover, there is now no pressure difference to drive back 
the compound forced outwards through the dielectric during the 
expansion. As the compound cools, therefore, the liquid column 
must be frequently broken, giving rise to an irregular distribution 
of void spaces filled with gases under varying degrees of vacuum. 
The more perfect the original impregnation of the cable, the higher 
will be the general vaeuxun after the first heat cycle. 

In high voltage cables the maximum electric stress will be in 
the region of 50 kV/cm. In any void space it is necessary to allow 
for the difference in the permittivity, i.c. 10 in the void, and 3-6 
in the dielectric. In practice, the stress across the void space 
would be raised to something in the general neighbourhood of 
100 kV/cm. The dielectric strength of the gas film at atmospheric 
pressure is about 30 kV/cm., so that it is clear that all void spaces 
will be immediately broken down. The details of this process must 
be considered in some detail. As the voltage rises on one-half of 
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the alternating wave form, the stress across the void space increases 
until any electrons available are accelerated suflSciently to cause 
cumulative ionisation by collision with molecules in the manner 
originally described by Townsend. When, however, the electrons 
reach the boundary of the void, they are not drawn off by an electrode 
as in the usual discussions of the breakdown of gases, but are held 
up by a dielectric of high resistivity. They must, therefore, accumu¬ 
late at the boundary. At the same time, probably, positive ions 
accumulate at the opposite boundary until the stress due to the 
space charges exactly neutralises that due to the applied voltage. 
The space charges will, therefore, continually vary in time with the 
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alternations of the applied voltage, and the boundaries of the void 
will be subject to an alternating bombardment of electrons and 
positive ions. 

The energy loss due to this action was observed and measured 
as soon as it became possible to carry out Dielectric Loss Angle 
(D.L A.) measurements at high voltage by means of a Sobering 
Bridge. Any energy absorption in a dielectric appears as an angle 
of defect between the vectorial representation of the actual charging 
current and a vector 90° in advance of the voltage, and it is this 
angle which is called the dielectric loss angle. 

For a normal homogeneous dielectric, the D.L.A. will remain 
almost constant over a wide voltage range. When a cable in which 
ionisation is occurring as described above is tested, it is found that 
at a critical voltage the D.L.A. rises, and after passing through a 
maximum shows a tendency to droop (Fig. 2). During recent years 
this phenomenon has been the subject of more intensive study prob- 
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ably than any other in the cable industry. This is so much the 
case, that it has become the accepted practice to call the curve of 
D.L.A. against voltage the “ ionisation curve,” and to call any 
increment of D.L.A. with voltage the “ ionisation ” of the cable. 
It is now known that other factors beside gaseous ionisation can 
cause an increment in D.L.A. so that these terms are peculiarly 
unfortmiate and misleading. 

Studies on impregnated paper condensers made in the laboratory 
show that the amount of “ ionisation ” is roughly proportional to 
the amount of residual gas left in the dielectric at the moment of 
impregnation. The characteristic shape of the ionisation curve 
can be explained on the basis of a dielectric loss proper, which is 
proportional to the square of the applied voltage, added to an 
ionisation loss proportional to the first power of the difference 
between the applied voltage and the “ ionisation voltage.” 

There is little or no positive evidence that ionisation plays an 
important part in the behaviour of the cable under working condi¬ 
tion. Nevertheless, during recent years strenuous efforts have 
been made to find manufacturing methods which will reduce the 
ionisation to a minimum. By a stringent application of scientific 
methods to the physical and chemical problems involved, it is now 
possible for a long series of the highost-grade cables to be made in 
none of which does the “ ionisation ” over a range of one-fourth 
to twice the working voltage exceed 0 0001 radians. It will be 
appreciated from the account given above that it does not follow 
that the ionisation of the cable will remain low after the cable has 
been passed through heat cycles. The second main effort of the 
manufacturer has been directed to finding manufacturing methods 
which will produce a cable in which the ionisation remains at a 
negligibly low level, while the cable is passed through a long series 
of heat cycles with high voltage maintained on the cable. These 
tests, which may be continued for periods of two years or more, are 
called stability tests. The problem is a complicated and difficult 
one. One method which has been used with some success is to 
make the cross-section of the cable deliberately non-circular. 
Generally an elliptical conductor is used. When the compound 
expands, the necessary volume accommodation can be obtained by 
a small deformation of the laminations of the dielectric into a 
slightly more circular cross-section: the oompoimd is thus not 
forced through the laminations, and when subsequent cooling takes 
place, it is not impossible for the dielectric to return to its original 
state. 

Ionisation in a cable, presumably acting in the maimer described 
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above, is known to result in condensation of the compound into a 
heavy hydro-carbon, producing a yellowish deposit generally known 
as “ cheese.” In the literature this is frequently termed poly¬ 
merisation of the compound, but as the action is always accom¬ 
panied by the evolution of hydrogen and volatile hydro-carbons, 
it can strictly only be described as a condensation. This condensa¬ 
tion of the compound is necessarily accompanied by an increase of 
void or gas-filled space, and an increase in the amount of the ionisa¬ 
tion losses. In exceptional cases, these additional losses might 
contribute to throwing the dielectric into thermal instability, as will 
be discussed later ; but apart from this case, it would appear from 
very recent work that ionisation in the mass of the dielectric never 
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Fig, 3 .—Y Curve of dielectric loss angle against temperature. 

results in any deleterious or particularly imdesirable action. When 
the ionisation occurs, however, in contact with a metal electrode, 
a very different state of affairs exists. In this case, the ionisation 
results in the compound being converted into carbon. The extra 
stress round the pin-head of carbon produces a prolongation of the 
action, and by means of this “ spear-head ” attack, a carbon track 
is slowly propagated through the dielectric. These tracks are 
generally known from their shape as “ionisation trees.” When 
the trees extend from the inner to the outer electrode, breakdown 
would occur. Normally, however, before this stage is reached, the 
energy losses, due to the semi-conducting tracks in an electric field, 
result in the dielectric being thrown into thermal instability, and 
the final breakdown is due to this cause. When U.L.A. is measured 
as a function of temperature, most cable dielectrics give the charac¬ 
teristic “ V curve ” shown in Fig. 3. Once the dielectric has 
reached the upward portion of the curve when an increase of tem¬ 
perature results in an increase of the dielectric losses, producing 
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the temperature rise, it is easy to see that in certain circumstances 
a condition of thermal instability will be produced. 

From this recent work it would appear, therefore, that investiga¬ 
tion should be directed not so much to the general problem of pre¬ 
venting ionisation throughout the dielectric, but rather to the 
special problem of preventing it in the neighbourhood of the metal 
electrodes. 

Cables made as described above are generally called of the 
“ normal straight ” type. A number of special types have been 
developed to a high state of perfection, in which special measures 
are adopted to prevent ionisation arising throughout the dielectric. 

In the “ oil-filled ” cable a longitudinal duct is provided gener¬ 
ally by means of a hollow conductor. The cable is impregnated 
and the duct filled with a thin hydro-carbon oil of low viscosity 
with no resin in solution. At the ends of the cable the oil ducts 
are connected to oil reservoirs. As the cable heats up, oil flows 
out of the cable along the duct into the reservoir, and when the 
cable cools it is driven back by the positive pressure in the reservoir 
into the dielectric By these means, not only is the cable very 
easily impregnated with the thin oil, but the drainage problems 
which prevent the resin content of normal straight cables being 
reduced, are overcome. As a result, the cable can be operated at 
high electric stress , but as can bo easily seen, in carrying out the 
arrangement in practice a number of complicated hydraulic prob¬ 
lems, both static and dynamic, must be faced. These generally 
require somewhat elaborate gear for their solution. At the high 
electric operating stress, the oil must be kept free of all gas in solu¬ 
tion. The terminal reservoirs must not, therefore, have an oil-gas 
interface. The reservoirs have, therefore, to be built up of collap¬ 
sible metallic containers, somewhat like gigantic aneroid cells, and 
the interior must be kept 100 ]wr cent, full of oil. 

As soon as the gaseous ionisation problem was clearly appre¬ 
ciated, there was a general move in the direction of utilising the 
known effect of pressure in increasing the breakdown strength of 
gases. Almost all gases show this increase up to pressures of about 
160-200 lb. per sq. in. Fig. 4 shows the effect of pressure m 
eliminating or extinguishing gaseous ionisation. A number of 
methods have been evolved. In one cable which is in successful 
operation in London, a three core cable of the normal straight type 
complete with lead sheath is drawn into a large diameter iron pipe, 
and after complete installation the space between the iron pijjc and 
the cable is filled with nitrogen at about 160 lb. per sq. in. In this 
case, the pressure is exerted on the dielectric through the flexibility 
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of the lead sheath, and the result is such that the cost of the iron 
pipe is recouped by the higher stresses at which the dielectric can 
be operated. 

Such a cable is called a “ gas compressed ” cable, because the 
gas is utilised merely as a medium for bringing pressure to bear on 
the dielectric. In the “ gas impregnated ” cable, an attempt is 
made to utilise the high dielectric properties of compressed gas 
itself. Compressed gas alone would form a perfect dielectric if it 
were not for the necessity of rigidly locatmg the conductor with 
respect to the outer electrode. Any attempt to do this by means 
of supporting spiders or discs introduces an entirely new and very 
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disturbing electric phenomenon—that of surface flashover. Very 
little is known about this matter; the insulation engineer looks in 
vain for the guidance of any fundamental theory. But as a matter 
of empirical test it is found that when an interface between a gaseous 
and a solid dielectric lies in the direction of an electric field, break¬ 
down will occur along the surface at electric stresses approximately 
one-tenth those that either dielectric would withstand in the absence 
of the interface. 

Any supporting spider or disc arrangement is thus immediately 
ruled out. The most satisfactory arrangement appears to be, as 
the name “ gas impregnated implies, a dielectric consisting of 
normal cable paper laid on and dried in the usual way, and then 
“ impregnated ’’ with dry gas at a pressure of 160-200 lb. per sq. in. 

Proposals have also been made to utilise for cable purposes the 
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high breakdown strength of a very hard vacuum. It is well known, 
of course, that with increasing vacuum the breakdown strength of 
gases falls until the mean free path becomes comparable with the 
distance between the testing electrodes after which it rises imtil, 
with valve hardness, enormously high dielectric strengths are 
reached. Here again, the surface flashover difficulty limits the 
possibilities of the centralising arrangement; and when the cen¬ 
tralising material is in position it appears very improbable if the 
necessary high degree of vacuum could bo maintained over the 
long dimension of the cable between terminal stations. 

A cable such as the gas-impregnated cable introduces many 
novel considerations, apart from the question of dielectric strength. 
The thermal resistance is high compared with that of impregnated 
dielectric The first consideration of the manufacturer may be to 
produce a cable which will not break down, but when the cable is 
handed over to the distributing authority, the service that can be 
obtained from it is entirely determined by thermal factors. If the 
total thermal resistance surrounding a conductor is doubled, the 
current that can be passed through the cable for a given safe tem¬ 
perature limit is reduced by 30 per cent, (the heat generated in the 
conductor depending on current squared). 

The thermal resistance of a gas impregnated cable designed to 
operate on a 132 kV. transmission system is in the region of 600 
thermal ohms per cm. length of cable. (The thermal ohm is a unit of 
thermal resistivity corresponding to the reciprocal of the normal unit 
of thermal conductivity, but based on the watt-second insteeid of the 
calorie for the unit of heat.) The corresponding figure for the oil- 
impregnated cable is 120 thermal ohms This, at first sight, appears 
to be a serious diss/dvantage. Actually, in the majority of cases, 
the internal thermal resistance is swamped by the external resist¬ 
ance. In urban districts such as London, the congestion below the 
street levels is so acute that it is necessary to go to a depth of per¬ 
haps 30 ft. to find sufficient room for a high voltage feeder. This 
increases the thermal resistance of the earth path. In addition, the 
thermal interference from neighbouring cables can most conveniently 
be expressed as an equivalent increase to the external thermal 
resistance. As a result, it is not uncommon for the external resist¬ 
ance to rise to 600 or even 900 thermal ohms per cm. 

Another important difference arises from the low permittivity 
of the gas-impregnated cable (tr — 1-6) compared with a — 3 6 for 
the oil-impregnated dielectric. Without experience it is difficult to 
realise the enormous capacitance current that is required to keep 
a high voltage feeder energised, apart entirely from the transmission 
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of any useful energy. It is true that the current is in quadrature 
with the voltage, and does not primarily require any energy, but 
in practice those capacitance currents involve large no-load losses 
which are continuous, whether load is being transmitted or jnot. 
For example, a 40-miie length of 132 kV. feeder of oil-impregnated 
dielectric requires a capacitance current of 280 amperes, to supply 
which it is necessary to keep running at the supply station an 
alternator of 21,000 kVA (28,000 h.p.) output. Apart from the 
cost of keeping such large plant running with possibly no useful 
output at the far end, there is the further difficulty that the capacit¬ 
ance current mentioned (280 amperes) may, in some circumstances, 
equal the permissible full load of the cable. That is to say, with 
this type of cable when the feeder reaches a length of 40 miles the 
first sections of the feeder are fully occupied in supplying the feeder 
capacitance current, and there is no margin for the transmission 
of useful energy. This is expressed by saying that the self-loading 
length for this typo of cable is 40 miles. With a gas-impregnated 
cable of the same current canying capacity, however, the charging 
kVA. is, for 40 miles of feeder, reduced to 8,000 kVA. With the 
continual growth both of voltage and the length of transmission 
feeders, this is likely to become an important advantage. 

From this brief and general account, it will bo seen that a research 
laboratory m the cable industry is not likely to find itself at a loss 
for lack of problems to bo investigated. 

The great expense of, and the delay involved in, making full- 
scale experimental cables must always make one of the primary 
concerns in the laboratory the problem of determining a technique 
by which dielectric studies made on experimental condensers pre¬ 
pared in the laboratory, can, with confidence, be taken as represen¬ 
tative of the results that can be achieved with full-scale cables. 
This proves to be a surprisingly difficult problem The D.L.A. of 
oil-impregnated dielectric is so susceptible to minute quantities of 
products which are obscurely formed by the interactions between 
the oil, resin, paper, copper, and materials of the drying and impreg¬ 
nating tanks and connecting pipes, that it appears to be impossible 
to change the scale of operations without affecting the reliability 
of the results. As a result, it is found, for example, with one par¬ 
ticular type of dielectric, that using the best possible laboratory 
technique and starting with identical materials, it is not possible 
to produce a laboratory condenser with as low a value of D.L.A. as 
that of full-scale cables made in the factory. 

We may consider one particular feature—the drying of the 
paper before impregnation. It is found that there is no definite 
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end point to tlie drying of paper. Wliether the drying is oarried 
out by Taotrain or by a combination of vacuum and heat, it is 
fotmd to merge imperceptibly into the begimung of the destructive 
distillation of the paper. I^e problem of the cable maker is to 
select the particular stage in the process which will give the best 
overall results. It is, however, at once clear that in conditioning 
the materials to be used in making a laboratory condenser, there 
is no short out permissible, and that the laboratory processing must 
slavishly simulate the manufacturing processes. As this involves 
drying and impregnating times which may total up to periods of 
400 hours or more, it will be seen that without careful pre-arrange¬ 
ment, laboratory condenser studies do not necessarily provide a 
short or economical out to the determination of the most suitable 
dielectric. 

The research testing of full-scale cables requires specialised test¬ 
ing equipment in the laboratory. The development of a cable for 
a 132 ^V. transmission system requires transformer equipment to 
give a testing voltage of about 600 kV. Already, however, trans¬ 
mission systems of 220 kV. are in operation abroad. A desirable 
arrangement in the laboratory, therefore, is to have two transformers 
of about 600 kV., arranged so that the voltage outputs can be put 
in series to give 1,000 kV. if necessary. Apart from the possibility 
of tests on 220 kV. cables in the future, this provides for dashover 
teste on the porcelain insulators and terminal equipment of the 
lower voltage systems. This arrangement of the transformers is 
called a cascade connection. One of the transformers is mounted 
on porcelain insulators suitable for withstanding 600 kV. The 
electric supply for the primary of this transformer then has to be 
obtained from a special winding located at the. high voltage end 
of the first transformer in the manner shown in Fig. 6. In order 
to supply the large capacitance currents already mentioned, these 
transformers must be of large current output. Plate 1 shows such 
a transformer mounted on porcelain insulatrns, and designed for 
600 kVA. output at 600 kV; or when the two transformers are 
cascaded, 1,000 kVA. at 1,000 kV. In order that the output of 
the two transformers shall be additive to give a total of 1,000 kVA. 
the first transformer is specially arranged so that in addition to 
transferring 600 kVA. of energy from its primary to secondary 
windings, it can transfer a further 600 kVA. from the primary to the 
special winding supplying the prknskry of the second transformer. 

In Plate 1 the iron core and copper wire windings are located 
in a hoiizontal position in the welded steel tank immediately above 
the porcelain insulators. The vertical cylinder is a bakelite tube 
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140 om. in diameter and 300 om. long forming the insulatkmfor tiie 
high voltage terminal which is the bright copper spinning at the 
top of the bakelite tube. This transformer weighs 40 tons; and 
it will be appreciated that with testing equipment of this size and 
weight, the technique of A.O. bridge measurements becomes a very 
different matter from that which is suitable for the physicist’s 
bench. 

The control or regulation of the voltage output of these trans¬ 
formers presents many difficulties. It is obviously desirable for 
research purposes that the wave form of the output voltage should 
be as nearly sinusoidal as possible. From a number of oonsidera- 



Fio. 6.—Cascade ooimeotion of transformers. 

tions this rules out the use of induction regulators. The normal 
method is, therefore, to install an alternator specially designed to 
give a pure sine wave output, and equal in capacity to the output 
of the transformer. The voltage output of the alternator, and 
thus of the transformer is then controlled by means of the D.C. 
field supply to the alternator. With this arrangement the ffequenoy 
of the testing supply depends on the speed at which the alternator 
is driven. The Sobering Bridge already mentioned is used in o<m- 
junotion with a specially developed vibration galvanometer with 
extremely sharply timed response curve, so that a deviation of 
0-5 per cent, in the frequency involves a complete loss of galvano¬ 
meter sensitivity. It is, therefore, necessary for the speed of the 
alternator to be held constant to within say 0-2 per cent. When 
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the maiii supply is drawn from one of the large time controlled grid 
systems now available this can be obtained by driving the alternator 
with a synchronous motor. This has the disadvantage of limiting 
the testing to one particular frequency. In order to obtain a fre¬ 
quency range, it is necessary to interpose between the synchronous 
motor and the alternator a speed-changing arrangement, which, for 
any setting, will hold the speed within the above limits. In one 
case, a successful arrangement has been obtained by using a fluid 
gear box, the gear ratio of which can be continuously varied over a 
range corresponding to frequencies of 26-76 cycles per second. 

A completed transmission feeder involves problems over a much 
wider field than has been discussed here. The cable has to be 
enclosed by a lead sheath which must be virtually homogeneous, 
free firom extrusion weaknesses, and proof against the strains of 
installation and subsequent severe vibration; suitable methods 
have to be found for the mechanical and chemical protection of the 
lead sheath ; and high voltage joints and cable terminations have 
to be designed and manufactured on site. It has only been possible 
within the scope of this article to deal with the dielectric of the high 
voltage cable, but within this limitation an attempt has been made 
to give a general account of the problems involved and the methods 
by which these problems are being attacked. 



THE STRUCTURE OF MOLECULES 

Bir A, J. MEE. M.A., B.So. 

One of the most outstanding advances in physical science of recent 
years is the investigation of the structure of molecules by physical 
methods. This advance has followed naturally the increase in 
our knowledge of the structure of the atom, for before any infor¬ 
mation concerning the molecule could be obtained, it was necessary 
to know fairly accurately the nature of its components. 

The conception of the molecule originated with Avogadro’s 
Hypothesis, and the discovery of the volume relationships of com¬ 
bining gases embodied in Gay-Lussac’s Law. The atomic theory 
of Dalton was, at this time (1811), almost universally accepted by 
chemists and physicists. It postulated the existence of atoms of 
elements, and of “ compound-atoms ” of compounds, and Dalton 
firmly believed that neither the elementary nor the compoimd 
atom could be further divided. Avogadro, however, showed that 
Gay-Lussac’s Law necessitated the possibility of breaking down 
the “ compoimd-atoms ” into their elementary constituents, and, 
in order to avoid the confusion which might arise by calling these 
compound particles atoms, thereby implying their indivisibility, 
the term “ molecule,” meaning literally “ a little mass,” was applied 
to them. 

To Dalton and those of his contemporaries who believed in the 
atomic theory, the atom was a hard sphere, with a definite mass. 
Since the molecules were made up of atoms, it was natural to assume 
that they too were solid, being composed of atoms in contact. This 
view of the structure of the molecule was held imtil the beginning 
of the present century, and was indeed used very successfully in 
the derivation of the quantitative laws governing the behaviour 
of gases by the kinetic theory. 

As the r^ult of the work of Thomson, Rutherford and Bohr, 
to mention only three of the outstanding workers in the field of 
atomic structure, the conclusion was reached that the atom was 
not to be regarded as a solid sphere, but that it was entirely electrical 
in nature, consisting of a nucleus, predominantly positive in charge, 

624 
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and a number of eleotrans moving in definite orbite round the 
nucleus. The number of these planetary electrons is just sufficient 
to neutralise the charge on the nucleus, making the atom elec¬ 
trically neutral, and is equal to the number of the element in the 
series of elements arranged in order of ascending atomic weight, 
taking into account the undiscovered elements. Such is the 
present state of our knowledge concerning the atom, that the 
actual orbits of the electrons are known, and models of the atom 
can be constructed. 

It is now generally regarded that electrons cannot be merely 
charged particles, but that they have associated with them a 
definite wave-motion, since it is possible to obtain interference 
between beams of electrons, just as if they were trains of waves. 
For our present purpose, however, the actual nature of the particles 
is not of such importance as their distribution. 

This, then, is the picture of the atom. It consists of an assem¬ 
blage of electrical charges, and of uncharged particles, the latter 
being the neutrons which are constituents of the nucleus. That 
there is a considerable amount of empty space in the atom is evident 
from the experiments of Rutherford on the scattering of a-particles 
at metal foils. The majority of the particles were transmitted right 
through the foils without deviation, showing that they could not 
have encountered any charged particle of any considerable size. 
The whole of this empty space is, however, permeated by a powerful 
electric field, which is effective to a certain distance outside the 
outermost electronic orbits. It is obvious that, far from being 
solid, the atom is nearly all empty sjmce. 

Yet, on the other hand, the molecule often behaves as if it were 
solid, especially as far as collision with other molecules is concerned. 
This is due to the fact that the interaction between the electric 
fields of the colliding molecules prevents the nuclei from coming 
closer together than a certain distance, and there is repulsion, just 
as if the two molecules were solid and elastic. The distance between 
the molecules when “ collision ” takes place is accurately known for 
many molecules. 

The problem which has been attacked with a considerable 
amount of success within recent years is that of the arrangement 
of the atoms in the molecule, the distances between the nuclei of 
the (xmstitnent atoms, and the angles between the valency bonds. 
Ccmsideration of the chemical properties of compounds has, in the 
past, enabled us to assign to them “ constitutional ” ffirmule, 
which indk)ate the relative positions of the atoms in the molecule. 
These have been of great service, particularly in the development 

as 
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of organio chemistry. Many of them have received oonfirmatkm 
ficom the new physical methods of investigation, whilst some have 
been discredited. Moreover, the physical methods are able to shed 
considerable light on many other problems of structural chemistry, 
such as free rotation, and stereochemistry. 

The first question to be answered is, in what ways are atoms 
united in the molecule ? The electronic theory of valency is able 
to supply a very satisfactory answer. According to this theory, 
there are three methods of linking atoms. The linkage may 
electrovalent, covalent, or co-ordinate. In the electrovalent linkage 
the atoms in the molecule attain the stable electronic configurations 
of the inert gases by a process of transference of electrons. Con¬ 
sider, as a simple example, the sodium chloride " molecule.” The 
sodium atom has the electronic structure 2, 8, 1; the chlorine 
atom, 2, 8, 7. It is clear that the sodium atom could attain the 
structure of the inert gas neon (2, 8) by the loss of one electron, 
whilst the chlorine atom could attain that of argon (2, 8, 8) by 
taking up one electron. The sodium and the chlorine atoms could 
both be satisfied if the sodium atom transferred one electron to the 
chlorine atom. Thus, representing the electrons in the outermost 
orbit (valency electrons) by dots, the sodium chloride moleoiile 
would be : 

Na:cl; 

• • 

The sodium atom, having lost an electron, has become positively 
charged, and the chlorine, having gained one, has become negatively 
charged. These charged atoms are called ions. 

The only force keeping the sodium and chlorine ions in proximity 
to each other is the electrostatic force of attraction between 
oppositely charged particles. Assuming that the Coulomb Law of 
Force holds at the small distance under consideration (in the 
neighbourhood of 10“ * cm.) this force would be 

F = e*/kr*, 

where e is the charge, r the distance of the centres of gravity of the 
system of chargee associated with each ion fix)m each other, and 
k is the dielectric constant. In the molecule itself, the dielectric 
constant is 1. When such an electrovalent substance is dissolved 
ifi water, of which the dielectric constant is very high (approxi¬ 
mately 81), the force, F, becomes very small, and the energy of the 
temperature motion is sufiicient to separate the ions, and th e 
substance dissociates. Molecules with an electrovalent linkage 
are ionised even in the solid state, JS^-ray analysis of the crystal 
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struoture indicating that the elementary particles making up the 
crystal lattice are ions, and not atoms or molecules. When the 
crystal lattice of an ionic crystal, such as sodium chloride, is con¬ 
sisted, it is found that the sodium ion, say, caimot be regarded 
as belonging to any particular chlorine ion, but is shared by a number 
of them, and similarly every chlorine ion is shared by a number of 
sodium ions, so that a molecule of sodium chloride can hardly be 
spoken of. It is clear that the electrovalent linkage is a very weak 
bond, if it may be regarded as a bond at all, since no real structural 
bond exists. 

Nearly all inorganic salts are electrovalent compounds. A 
very different state of affairs is fotmd when organic compounds are 
ocmsidered. These compounds are usually not dissociated in 
aqueous solution, and do not form ionic lattices. They possess, 
instead of the electrovalent linkage, a covalent linkage. In this 
case, the atoms attain the stability of the inert gas configurations 
by a process of sharing electrons. Thus, in methane, CH*, the carbon 
atom itself has four valency electrons (its structure is 2 , 4). It 
can attain the stable arrangement of electrons found in the neon 
atom by sharing these four electrons with four electrons of four 
hydrogen atoms, thus, 

H 
• • 

H : C : H 
H 

The hydrogen atoms also have attained the electronic configuration 
of helium. The bonds between the carbon and the hydrogen atoms 
are covalent linkages, and are much more definite bonds than the 
electrovalent linkages. There is no actual charge on the individual 
atoms, and the external electric field of such a molecule is much 
smaller them that of an electrovalent “ molecule.” 

The actual mechanism of the sharing of electrons has been 
one of the most difficult problems that the electronic theory has had 
to face. It seems that the simplest explanation, viz. that the two 
shared electrons may form orbits which enclose both atoms, is 
probably incorrect. A solution of the pax>blem has been given by 
London [ 1 ] on the basis of quantum mechanics, but it cannot be 
entered into here. 

The third type of linkage, the co-ordinate linkage, involves the 
sharing of two electrons, but both are supplied by the same atom. 
Thus, in the fiarmation of hydrofiinoboiio acid, HBF 4 , boron tri¬ 
fluoride combines with hydrogen fluoride, the boron atom completing 
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its octet by sharing two electrons with tiie fluorine atrai of hydrogen 
fluoride, as shown in the scheme below. 

: F : 

H : F : *B : F : 

; F : 

Both of the shared electrons hare been supplied by the fluorine 
atom. Since the process of the formation of a co-ordinate linkage 
resembles both transference and sharing, it has been called by 
Lowry, the semi-polar double bond, and is usually written A — B. 

This very brief outline of the electronic theory has been given 
because we shall have occasion to use the terms employed above ; 
moreover, the work on the structure of molecules applies only to 
covalent and co-ordinate compounds, since, as we have seen, 
electrovalent compounds have no molecular structure [2]. 

A molecule is a system of positive and negative charges, the 
positive charges being resident upon the nuclei of the component 
atoms. It is clear that a very important constant of a molecule 
will be the inter-nuclear distance, for this must form the basis upon 
which any further information, such as the valency angles, must 
rest. There are several methods of determining the inter-nuclear 
distance. 

The first of these is the method of X-ray interference, with which 
may also be considered the method of electron interference, which 
is essentially similar to it. It was shown by Debye [3] and Ehren- 
fest [4] independently, that X-ray diffraction patterns could be 
obtained with gases as with solids. From the angle relationships 
between the maxima and minima of the interference, and the 
intensity of the maxima, the relative positions, and distances apart 
of the scattering centres could be calculated. 

The experimental technique of the investigation of X-ray inter¬ 
ference in gases is very similar to that used by W. H. and W. L. 
Bragg in dealing with crystals. A beam of X-ra 3 nB, made as &r 
as possible homogeneous by a series of filters, is passed through 
a cell containing the gas under investigation. The scattered 
radiation falls on a film wound round the cylindrical cell, and the 
photograph obtained is examined by a registering {^otometer. In 
this way, the intensities of the soattmng maxima are obtained. 
Then probable models for the molecule are chosen, and the scatter¬ 
ing which would be produced by these models is calculated. The 
form for which there is agreement between the calculated and 





THB STBUOTVBB OF HOLBOULBS 629 

observed soattering is taken as correct. The method of ccucrying 
out a Fourier analysis of the scattering curve (the curve between 
the angle of scattering and the intensity) has not yet been success¬ 
ful in the case of gases, although it is the usual method of 
deducing the structure of a or 3 rBtal from the scattering. 

In the electron beam method, which was devised by Mark and 
Wierl [6], a stream of the vapour of the substance under investigation 
is passed into a vessel in which a high vacuum is maintained. Imme¬ 
diately after its entrance, the stream of vapour is irradiated with a 
fine bundle of rapid electrons, and the interference is photographed. 
The advantage of the electron beam method is that it requires only 
a fraction of a second exposure, whereas the X-ray method requires 
an exposure of from four to five hours. 

In the case of X-ray interference, the scattering centres are not 
the nuclei themselves, but the orbital electrons also contribute 
to the scattering. The centre in this case is the mean centre of the 
electronic orbits, which does not necessarily coincide with the 
nucleus. With electron interference, however, the scattering 
centres are the nuclei. 

X-ray interference at orjrstals may also be used to determine 
the shapes and sizes of molecules. All crystalline organic com¬ 
pounds form molecular lattices. The molecules are held together 
in these lattices by van der Waals forces, which are small compared 
with the binding forces. Hence, the molecule is not likely to 
imdergo any considerable deformation in the crystal lattice, and 
the results obtained for the inter-nuclear distances from X-ray 
interference experiments may be taken as oorrect for the free, 
unrestrained molecule. 

From the observations, the dimensions of the unit cell may be 
derived, and from this, the arrangement of the molecules making 
up the lattice may be obtained by making use of the relative intensi¬ 
ties of the various maxima. If absolute intensity measurements 
are made, it is possible to analyse the scattering intensity curve 
by a Fourier analysis [6] and obtain the exact positions of the 
molecules. This method has been used successfully by Lonsdale 
for hexaohlorobenzene [7], and by J. M. Robertson [8] for 
naphthalene, durene (1.2.4.6-tetramethyl-benzene), and dibenzyl, 

A few of ^e more outstanding results of the method of X-ray 
or electron interference at ciTstaJs or vapours will be mentioned. 
Carbon dioxide has been proved to have a linear structure, a deduc¬ 
tion which is confirmed by other methods to be mentioned later. 
Nitrous oxide is also linear, but sulphur dioxide is bent, the angle 
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at the Btilphur atom bemg, aooordiztg to Wierl [ 6 ], greater than 160°. 
Thk angle, however, is too great, since, although the bent form is 
confirmed by other methods, the angle derived from them is more 
in the neighbourhood of 126°. Ammonia forms a pyramid, with 
nitrogen at the apex, and the three hydrogen atoms in a plane, 
forming the base. Carbon suboxide, C,0», was given the linear 
form 0==C=C==C=0 by Brookway and Pauling [9], but recently 
Boersoh has proposed the cyclic form, 

I I 

c—o 

o/ [10]. 

Prom a comparison of the scattering intensities obtained with 
the long-chain normal hydrocarbons, such as C 10 H 4 ,, etc., 

it has been found that the crystal lattice increases in length in one 
direction only, as the length of the chain is increased, the other two 
dimensions remaining approximately the same. The increase in 
length is found to be uniform as the length of the chain increases, 
being about 1'2 A per carbon atom. This result indicates that in 
the crystal, the hydrocarbon chains are arranged parallel to each 
other, and from the identity period of the scattering, the length 
of the molecule can be obtained. The length of the chain thus 
derived is not consistent with a linear arrangement of carbon atoms, 
supposing that the distance between the carbon atoms is 1‘5 A, 
as obtained by other methods. It is therefore concluded that the 
molecule is zigzag in form, the valency angle being the tetrahedral 
angle of 110 °, and the distance between one carbon atom and the 
next but one being 2-44 A. These results are in good agreement 
with the work of Adam and Langmuir on thin films of the fatty 
acids on water. 

The examination of cm- and trans-isomers by the X-ray and 
electron beam interference methods often enables a direct classifi¬ 
cation of the isomers to be made. Thus, the diohlorethylene boiling 
at 69° has a distance of 3-7 A between the chlorine atoms, whilst 
that boiling at 48° has a distance of 4-7 A, both determined by the 
X-ray interference method. It is obvious that the second of these 
is the frans-isomer. 

One of the most interesting of molecules is benzene. Oox [ 11 ] 
has found, from intensity determinations, that the six carbon atoms 
are arranged in the form of a regular hexagon, whilst Wierl, from 
electron difiraction by the vapour, found the length of the side of 
the hexagon to be 1‘39 A. 
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Another, and quite different, method of investigation of the 
strooture of molecules makes use of the absorption speotrum in the 
inffa-red. When the infra-red absorption speotrum of a gas is 
examined it is found to consist of two groups of bands, one in the 
near infra-red (».e. of wave-lengths not far removed from that of 
the red of the visible spectrum), and another of much longer wave¬ 
length. The latter is known to be due to the rotation of tite mole¬ 
cule as a whole, and is referred to as the pure rotation spectrum. 
The former is due primarily to the vibration of the molecule, but a 
pure vibration spectrum is not found, the frequencies of the rotation 
spectrum being superimposed upon it. This speotrum is referred 
to as the rotation-vibration spectrum. A molecule will also give 
rise to a band speotrum in the visible, due to electronic changes in 
the atoms themselves. The frequencies, however, are not simply 
those due to the electronic changes, but have, superimposed upon 
them, the frequencies of the rotation and the vibration. 

The rotation-vibration speotrum has received greater attention 
than the other types of molecular spectra, since the experimental 
technique is much simpler in the near infra-red than in the &r 
i nfr a-red. Prism spectrometers may be used in this range, since 
substances are knovm which will transmit radiation in this region. 
For the far infra-red a grating has to be used. The speotrum may 
be detected by converting the energy into thermal energy and 
detecting this by means of a bolometer, or other suitable means. 
In this way, not only may the position of the absorption bands be 
determined, but their intensity may be obtained. Infra-red photog¬ 
raphy has been used to photograph the spectra, this method having 
been employed by Allibone [12] in the examination of the spectrum 
of hydrogen. 

^e value of the study of infra-red absorption spectra lies in 
the fact that it enables the moment of inertia of the molecule to 
be determined, and from this the inter-nuclear distances can be 
obtained. It is fortunate that the frequency differences between 
consecutive lines in the pure rotation, and the rotation-vibration 
spectra, are the same. This frequency diffbrence, dv, can be shown 
h 

to be equal to where h is Planck’s constant, and I is the 

moment of inertia of the molecule about an axis drawn through the 
centre of gravity, and perpendicular to the axis of the figure. Since 
the differences are the same for the two spectra, it follows that the 
moments of inertia are the sattie in the two energy states, and hence 
I can be determined from the near infra-red spectrum just as accu¬ 
rately as from the far infra-red [13]. 
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The moment of inertia of a diatomic molecule u given by 

where *nj and m, are the masses of the atoms, and r is the inter- 
nuclear distance. It is clear that if / is found from observations of 
the infra-red spectrum, r can easily be obtained, since m, and 
are known. 

If the molecule is polyatomic, it will possess, in general, more 
than one moment of inertia, and the value of these moments may 
then be deduced from observations of the fine structure of the 
rotation-vibration spectrum. 

The derivation of molecular structures from spectroscopic data 
has been considerably facilitated by the use of the Raman spectrum. 
When a beam of monochromatic light is passed through a trans¬ 
parent substance, some of the light is invariably scattered by the 
molecules of the medium. The spectrum of this scattered light lies 
in the visible, or ultra-violet, and can be readily investigated. 
It is found that the spectnun consists of lines on either side of the 
line due to the original radiation, and that the froquency differences 
between the Raman lines and the original line are equal to the 
infra-red absorption frequencies of the molecule concerned. In 
this way, the infra-red spectrum is, so to speak, brought into the 
visible. A considerable quantity of experimental data has been 
amassed concerning the Raman spectra of various molecules, and 
much of it remains to be dealt with from the theoretical aspect. 
The Raman effect is not simply the transference of the infra-red 
frequencies into the visible. Some of the infra-red lines are “ in¬ 
active ” in the Raman spectrum, t.e., they are missing in the 
Raman spectrum, and conversely Raman lines appear which are 
inactive in the infra-red. Various selection rules have been derived, 
largely by Dennison, which state whether a particular frequency 
will appear or not in the Raman and infra-red spectra. By the 
analysis of these spectra, and bearing in mind the selection rules, 
the various proper frequencies associated with the molecule may be 
derived, but the process by which this is done cannot be gone into 
here [14]. The proper frequencies of molecules may also be derived 
fix)m a study of the variation of the specific heat with temperature, 
a method which has been applied successfully by Euoken and his 
pupils. 

A few examples of the application of spectrosoopio methods to 
the determination of the structure of certain molecules will now 
be given. A molecule which has received a great deal of invest!- 



THX STBTTOTUBli OF MOLBOtTLBS 


633 


gation this meldiod is carbon dioxide, CO*. There are three 
possible forms for this molecule. It may be bent (form a), or linear, 
and, if linear, it may be symmetrical (6), or unsymmetrioal (e). 

C 

.A, O ' * • ^ ”0***"**O O**"' ■ " ‘0** """ 0 

(a) (6) (c) 

It was at first considered that the fact that three proper frequencies 
were obtained meant that the molecule was bent, but more recently, 
the analysis of the fine structure of some of the bands has been 
carried out by Martin and Barker [15], and the linear symmetrical 
form has been shown definitely to be correct, one of the three proper 
frequencies not being a ground frequency. This work is confirmed 
by the anal 3 miB of the rotational fine structure of the electron band 
spectrum [16], and the fact that the molecule has no electric moment 
(see later) 

Carbon disulphide, OSa, of which the infra-red spectrum has 
been inrestigated by Bailey and Cassie [17], is linear like carbon 
dioxide. 

Nitrous oxide, N|0, would be expected to be a symmetrical 
linear molecule, on account of its analogy to carbon dioxide, with 
which it is isosteric (isosteric molecules arc those for which the sum 
of the atomic numbers of the constituent atoms is the same). If 
this were so, the molecule would be N=O^N. The molecule, 
however, possesses a small electric moment (0-14 x 10“^*), and 
cannot therefore be symmetrical, nor can it possess the possible 
ring form 


O 



It must therefore be linear but unsymmetrioal, N=N=0. 
This has been confirmed by the analysis of the infi»-red spectrum 
by Plyler and Barker [18], who investigated twelve bands between 
2/i and 17/(. 

Triatomio bent molecules are much more difBoult to investigate 
than are linear molecules. They act as unsymmetrioal rotators, 
and the classification of the Unee of the rotation spectrum to the 
transitions between the different rotational states is a matter of 
scone difficulty. It has been ai(X)ompliahed, however, for the water 
molecule, whfeh has been shown to be bent, with an angle of 104° 
between the two “legs,” the distance between the oxygen and 
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hydrogen atoms being 1*018 x 10“* om., and that between the 
two hydrogen atoms, 1’63 x 10“* cm. 



Analysis of the infra-md spectrum of ammonia shows that it is 
a symmetrical rotator. The pure rotation spectrum consists of a 
set of equidistant lines—a sign of the symmetrical xiature of the 
molecule. The molecule also possesses an electric moment (1*46 
X 10~^* O.B.U.), which shows that it cannot be planar. The nitrogen 
atom must therefore be situated at the apex of a pyramid, of which 
the base is an equilateral triangle, the comers of which are occupied 
by hydrogen atoms. The same result, it will be remembered, was 
obtained as the outcome of if-ray and electron interference investi¬ 
gations. The angle between the N—H linkages is probably a little 
over 90° (Badger and Meoke obtain the value 94°), whilst the angle 
between the N—H linkage and the vertical dropped from the 
apex of the pyramid to the base is about 68°. The pyramid is, 
therefore, comparatively stumpy. 

A large number of other molecules have been investigated, but 
it is impossible to mention the results within the spsuje of this 
article. 

There is another method of investigation which has yielded 
most important results, and that is the determination of the dipole 
moment of a molecule. Since the molecule consists of an assemblage 
of electric charges, when the molecule is placed in an electric field, 
the electrons and protons (or positive nuclei, if the neutron is in¬ 
cluded) will be attracted or repelled according to the direction of 
the field, and hence the electronic orbits will be somewhat distorted. 
This effect is known as electron polarisation, in the case of the 
displacement of the electrons, and atomic polarisation when the 
nuclei are considered. 

It is possible, however, that the centres of action of the positive 
and negative parts of a molecule may not coincide, and the molecule 
may then be imagined to consist of an electrical S3nstem which 
reduces to two point charges, equal and opposite in sign, separated 
by a rigid link. If e is the charge, and d the length of the link, the 
product ed is the moment of the system, and is called the permanent 
dipole moment of the molecule. As has been stated above, all 
molecules possess a dipole moment when placed in an electric field, 
owing to the relative displacement of the negative and positive 
peurts of the molecule, but there are some molecules which possess 
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stioh A moment irrespective of whether they are placed in a field or 
not, and it follows that these molecules must be unsymmetrical in 
some way. 

Ail eleotrovalent molecules will possess a permanent dipole 
moment, but such molecules do not concern us. In a covalent com¬ 
pound, in which the atoms are linked by shared electrons, the mole¬ 
cule will possess a permanent moment if the sharii^ is not equal. 

There are several methods of determining dipole moments. The 
most important is based on the determination of the dielectric 
constant of the compoimd, which must be in the form of vapour, 
or in dilute solution in an indifferent solvent. The reason for this 
stipulation is that interaction between the fields of the molecules 
of the substance under investigation and those of the solvent would 
otherwise occur, which would make it difficult, if not impossible, 
to calculate the permanent moment. An equation expressing the 
relationship between the temperature and the molecular orientation 
polarisation, P„, has been derived by Debye, and takes the form 


If Arifl 

3 ZkT' 


where // is the permanent moment in electrostatic units, N is 
Avogadro’s number, k is Boltzmann’s constant, and T the absolute 
temperature. The total polarisation, P, is equal to the polarisation 
already present owing to the permanent dipole (the molecular 
orientation polarisation) and that due to the distortion of the orbits 
by the field, which would occur even if the molecule did not pos¬ 
sess a permanent moment. The latter polarisation is called P^. 
Hence 


P = Prf + 
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This expresses the fact that there is a linear relationship between 
the polarisation, P, and the absolute temperature, T. If the line 
is horizontal, then B is zero, and the molecule does not possess a 
pennanent moment pi. In any case, pi can be calculated from the 
slope of the line. The relationship between the polarisation and 
the dieleotrio constant is given by the dausius-Mosotti relationship 
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where e is the dielectric constant, M is the molecular we^^t and 
d the density. It is clear that, by combining the Claasitis-Mosotti 
relationship with the Debye equation, a method is proTided of 
determining the permanent dipole moment ju from the dielectric 
constant. 

With modem methods, the determination of dielectric constants 
is a matter of fair simplicity, and great accuracy. A heterodyne 
method is now invariably us^, and it is now possible to obtain an 
instrument from which, after the necessary adjustments have been 
made, the dielectric constant may be read off directly from a scale. 
This instmment, known as the dielkometer, is marketed in (Ger¬ 
many, and has a number of uses, not only for research work of 
this kind, but in technical practice. The dielectric constant is a 
valuable criterion of the purity of a substance, so that the instru¬ 
ment may find considerable use in the detection of adulterants. 

Another method of determining dipole moments is the “ mo¬ 
lecular beam ” method. Briefly, the method consists in passing a 
very narrow beam of molecules through an intense non-uniform 
electric field. The deviation which the beam suffers is measured 
by condensing the vapour on a plate cooled in liquid air, and measur¬ 
ing the width of the trace. The method has been largely used by 
Estermann [18]. 

It is difficult to condense into a few paragraphs any detailed 
account of the results of the determination of dipole moments. Only 
a few can be mentioned ; for the rest, one of the monographs should 
be consulted [19]. Diatomic molecules, with the exception of the 
elements, are all polar. Thus, hydrogen chloride has a moment of 
1-03 X 10~^* e.s.u., showing that the electrons binding together the 
hydrogen and chlorine atoms are not equally shared. 

In the case of triatomic molecules, there is the possibility of 
symmetrical or of une 3 nnmetrical structure. If the molecule is 
symmetrical, it will possess no permanent moment. If, on the 
other hand, it is unsymmetrical, a moment is to be expected. As has 
been stated, water is an imsymmetriosl molecule, and poBsesses a 
moment of 1'85 x 10~“ e.s.u., whilst carbon dioxide, being linear, 
possesses no moment. 

Tetratomic molecules of the type AB, will possess no moment 
if all the atoms lie in one plane, but if there is a pyramidal structure, 
they are polar, and this acoovmts for the moment of ammonia, already 
mentioned, and that of the trihalides of the elements of Group V. 

Great interest attaches to the determination of the dipole mo¬ 
ments of pentatomio molecules of the type OA^. If the tetrahedral 
theory of the carbon atom, put forward by Le Bel and van’t Hoff, 
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iM oorreot, these subetanoes should pOBsess no moment, being sym- 
metrioal. Methane, and carbon tetrachloride possess no moment, 
but penterythritol C(CH|OH)( possesses a comparatively large 
moment, which has led to a good deal of discussion as to whether 
this compound possesses tetrahedral symmetry. The astounding 
thing is that its derivatives, C(C/HtCl )4 and C(CHtBr) 4 , have no 
moment. The examination of the crystal structure of penterythritol 
indicates, however, that it possesses tetrahedral S 3 nnmetry. 

The determination of the dipole moment of diphenyl and its 
derivatives has served to distinguish between the possible fbrmulm. 
The molecule may be linear, with the two benzene rings in one 
plane (a); it may be bent (6); or it may be folded (c), this being 
the Kaufler formula. It is clear that only the form (a) would possess 
zero moment, and this is actually found. 



A very interesting application of dipole moments haus been made 
by Hammick, New, Sidgwick, and Sutton in the determination of 
the structure of the isooyanide group [20], which they find to be 

4 * 

—N—C, thus doing away with the diflSculty of divalent carbon. 

A study of dipole moments has also proved of use in discrimi¬ 
nating between stereo-isomers. Considering the cm- and imtu- 
dichlorethylenes, it is obvious that the CM-form should possess a 
moment, whilst the buiw-form should not. This has b^n fully 
verified, the moment of CM-dichlorethylene being 1-8 x 10"** e.s.u., 
whilst the imns-compound has no moment. Where there are no 
other means of determining whether an isomer is the cm- or trana- 
form, the chemist usually assumes that the form with the higher 
boiling point is the cM-form, but a study of dipole moments shows 
that this criterion is not always true. 

The study of dipole moments has also led to a more complete 
understanding of the problem of benzene substitution. 

There is another method of determining the geometrical sym¬ 
metry of a molecule, and that is by determining the anisotropy of 
the polarisability of a molecule by means of the electrical Kerr 
effect. A study of this effect enables the polarisation ellipsoid of 
the molecule to be determined, and from this the structure of the 
molecule may be deduced. For the theory and experimental tech¬ 
nique the reader is referred to a monograph [14]. This method of 
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attack is of special importance in connection with the determination 
of the valency angle, and in settling questions of firee rotation. 
In general, results are obtainable by this method for the more com¬ 
plicated molecules, such as the ethers and ketones, for which the 
other methods fail. 
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THE INTERPRETATION OF ANIMAL 
BEHAVIOUR» 

By S. ZtJCKERMAN 

Th0 UnivirtUy of Oxford 

BotroHLY speaking, there are two schools of thought in animal 
psychology. Those who adhere to the first, the meohanistio school, 
are satisfied with the statement of animal behaviour provided by 
proper scientific study. According to this school, it is the task 
of the subject to collect accurate data about the ways of animals, 
to classify them according to scientific methods, and to proceed to 
the formulation of general concepts—or what are usually styled 
“ mechanisms ”—of behaviour. This school is essentially an 
experimental school, for scientific hypotheses in biology, whether 
they be merely an economical way of stating a series of facts in 
the form usually regarded as “ explanation,” or whether they 
attain to the value of “ predictive hypotheses,” cannot, with rare 
exceptions, be constricted except by the use of carefully controlled 
experiment. Predictive hypotheses necessarily have to assume a 
novel quality in relation to the content of the original premises 
from which they are derived, for scientific analysis involves the 
statement of one thing in terms of other things. 

It is the good fortune of meohanistio students of animal 
behaviour, if they wish, both to be unlimited in the number of 
problems they investigate, and to be unhampered in their scientific 
progress by philosophical misgivmgs. In this way they have an 
advantage over the second, or vitaUstic, school, whose adherents, 
being dissatisfied with ” ordinary ” scientific method, repeatedly 
raise doubts as to the philosophical validity of scientific investiga¬ 
tions. This being so, the main question under discussion— viz. the 
methods of animal psychology—can best be considered by examin¬ 
ing the opinion that the meohanistio point of view provides an 
unsatisfactory science of behaviour. 

^ From a paper oonteibated to the diaouarioa on ” the Ihteipretation of 
Animal Behaviour,” Seotione D and H, British Aasodation for the Advance- 
ment of Boieraoe, Aberdeen Meeting, September 19S4. 
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As a rule, the primary objection raised against the meohanistio 
approach is that it fails to take heed of the distinction between 
living and non-living, and that consequently the method of biology 
misguidedly becomes that of the physical sciences. Our president, 
Dr. E. S. Russell, attributes this supposed error to the influence 
of Cartesian philosophy.^ 

In considering this question, it is essential to distinguish between 
two issues ; the first that Cartesian philosophy implies that animals 
are simply mechanical contrivances ; the second that the method 
of science used in investigating living things follows the same logic 
as the method used in the physical sciences. So far as I can see, 
there is no reason for regarding these two issues as necessarily 
interdependent. In view of what has been said to the contrary, 
it is necessary to stress the point that the observational and experi¬ 
mental methods of biological science would have been the same 
whether or not the Cartesian doctrine of mind and matter had 
ever been stated. Before this matter is considered further, it is 
of interest to examine the view that a definable qualitative differ¬ 
ence between animals and inanimate matter is sufiioiently marked 
to necessitate a different scientific method of investigation for each. 

We are told that the distinctive characteristic of the behaviour 
of living, as opposed to non-living things, is that it exhibits pur¬ 
pose or directive activity; that there is always an end (in the 
teleological sense) to the individualised activity of an organism, 
and that because of this inherent purpose by which it is charac¬ 
terised, the behavioiu' of living things requires a type of investigation 
different from that employed in the investigation of the activity 
of a non-living system. If, however, we consider it closely, this 
appeal to teleology appears to argue much less againet than for the 
investigation of the behaviour of living organisms by the methods 
of physical science. 

An immediate objection to emphasising the teleological character 
of the overt behaviour of living systems is the fact that the most 
obviously purposive systems which we know are man-made machines. 
It is possible to visualise a mechanical system—for a crude example, 
a radio-duected model of a ship—^whose overt behaviour would 
provide analogies for almost all the usually defined peculiar char¬ 
acters of the behaviour of living bodies—a system with individualised 
activity, with a purpose, with one “ life-cycle ” if the term may 
be allowed—with “ needs,” responsive to its envinmment, and with 
protective devices. Bertrand Russell,* in considering where the 

* Th€ Advaneement of Sdmee, 1BS4, Brit. Aasoo., London. 

• An Ouitine of PhUotophy, 1B27, Alien A Unwin, London. 
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diiEferenoe lies between the perception of a living system and the 
sensitivity which characterises many non-living systems {e.g. photo¬ 
graphic plates), has suggested that it is in the fact that “ living 
bodies are subject to the law of association or of the ‘ conditioned 
reflex.’ ” Even this, however, is no longer true. Electrical appar¬ 
atus has been constructed,^ whose behaviour provides an amazing 
parallel to the various phenomena of the conditioned reflex. On 
the whole, therefore, the appeal for a new methodology in the study 
of the behaviour of living organisms on the score of the teleological 
nature of this behaviour seems rather out of place. As Henderson 
has wisely written,* “ though we can readily separate the mechanical 
from the teleological in nature, we can on no account separate 
the teleological from the mechanical, if we are to think about it 
scientifically.” 

It is significant that students who can face their prejudices 
towards teleological explanation in a relatively detached manner 
hold the view that scientific method and science itself have no 
connection with teleology There could be no better exposition 
than that of Henderson • of the part teleology can play in a descrip¬ 
tion of the non-living world of physics and chemistry. Wherever 
we seek, there is purpose, wherever we look, there is adaptation. 
Yet Henderson gives as his opinion that “ scientific conclusions are 
independent of the philosophical problem of teleology.” And, as 
we all know, teleology is never resorted to in the scientific study 
of the physical world. ” Science knows nothing of first causes,” * 
and science has little, if any, business with such teleological con¬ 
cepts as purpose. 

Such Iwing the case, it may be asked how the scientific investiga¬ 
tion of animal behaviour is to proceed. This brings me back to 
my point that the deterministic method, which is the true scientific 
method, bears no necessary relation to Cartesian materialism. So 
far as the mechanistic investigator of behaviour is concerned, the 
organism is a going concern Its phenomena are investigated and 
classified, and laws are then devised to describe, as simply as 
possible, their arrangements and relationships. These laws do not 
rule the animal’s activities; the animal still goes on, as it would 
have done had no laws been made, pursuing the various peistimes 
that make up its life-cycle. 

C. L., and Baeroatein, H. D., 1929, “ AHeohanioal Parallel to the 
Oonditiooi^ Reflex ” Bciwm, 70, 14. 

• Th« Ofd$r cf Natwt, 1917, Harvard Univeraity Press. 

• Op. dt. 

• PaaiBoa, K., Tht Qrcmmar oj iSeianea, 1900, Black, London. 
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The meohanistio method proceeds by the creation of scientific 
laws, and mechanism need not be taken to consist in more than 
these laws. In saying this, I feel no guilt in the fact that by com¬ 
pletely identifying it with determinism 1 am perhaps limit^ the 
meaning which can be read into mechanism. The old notion of 
cause, in the sense of anthropomorphic pushes and pulls, as has 
been argued by Bertrand Russell,^ has no real place in science. 
It may still aid in the fonnulation of preliminary scientific laws, 
but pUlosophical validity belongs only to the view that causality 
subsists in “ the fact that events at different times are ooimeoted 
by laws.” Pearson has defined cause in science as “ a stage in a 
routine of experience,” and in exemplification of this view his 
reference to Kirchoff’s definition of mechanics may well be recalled : 
“ Mechanics is the science of motion ; we define as its object the 
complete description in the simplest possible manner of such motions 
as occur in nature.” In this definition, so Pearson holds, lies 
” the only consistent view of mechanism and the true conception 
of scientific law.” * His opinion seems manifestly sound. Only 
in the sense of cause just defined need we believe that every 
phenomenon is the result of mechanical causation. 

It is difficult to escape the conviction that those who assail 
mechanism to-day do so in misconception of its true scientific 
significance. There need be nothii^ in mechanism which is fatal 
to the study of living things. And before this point is dismissed, 
it must be remembered that mechanism is not synonymous with 
materialism. Provided he does not tangle his science with his 
philosophy, the scientist, if he wants, can be a gross materialist, 
or alternatively believe that all phenomena are products of his 
own mind. Consequently, we may be permitted to wonder if the 
question asked by Dr. E. S. Bussell in his presidential address— 
namely, what chance there is for a “ real science ” of animal behaviour 
to develop if Cartesian dualism is accepted—is relevant. The 
Cartesian dualism of mind and matter may be an entirely fallacious 
philosophy, mechanism nevertheless remains the method of scien¬ 
tific thought—becaiise it is the method that works. 

In his address. Dr. Russell put the view that “ modem physios 
has completely transformed the old conception of matter, and has 
little use for the notion of material determinism.” This, if true, 
strikes of course at the heart of what I have just called ” the method 
of scientific thought.” I doubt, however, whether Dr. Bussell 
meant his words to be taken literally. It is fiur from certain that 

^ Bertrand Ruaaell, op. eit. 

* Psaraon, op, dt. 
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modem physios has abandoned detenuinism. An appeal to 
authority is always useful in debate, and I may therefore point out 
that Einstein, Planck, and Rutherford, to mention a few theoretical 
and experimental physicists, have certainly not denied the philo¬ 
sophical implications of determinism, any more than they hare 
turned their backs on it in the laboratory.^ It is also relevant 
to quote Nt^vre on this question. In a recent editorial appears 
the statement: “ Newtonian mechanics, so far from being in 
ruins, is more firmly established than ever as the form taken in 
ordinary circumstances by the mechanics of relativity.” • 

I have indicated, I hope successfully, the reasons for my belief 
that there is no definable basis for the view that the peculiarities 
of living systems require a type of scientific investigation dijBFerent 
from that demanded by non-living matter, and I have also tried 
to show that the mechanistic method of investigation may be 
regarded as something valid per se. This brings me to another 
matter, namely the question of the method’s reputed shortcomings. 

Dr. Bierens de Haan has just affirmed that the results obtained 
by strictly objective analysis of behaviour are inadequate because, 
to quote his own words, such analysis “gives us only a number 
of parts, while the bond that links them is lacking.” This criticism 
is made, not only of the analysis of living behaviour, but also of 
the analysis of non-living systems, and it is closely related to the 
basic idea of the philosophies of holism and emergent evolution, 
the essential thesis of which, as 1 understand them, is the emergence 
of novel and unpredictable properties at each new and higher 
level of the organisation of the constituent parts of things. 

It seems to me, as it has seemed to others before, that the 
objection suffers from two striking weaknesses. In the first place, 
the criticism presupposes that experimental science has already 
uncovered all the reflexes, tropisms, and other basic mechanisms 
of behaviour that it can ever possibly unfold, and that the books 
when balanced show a sad discrepancy between the sum total of 
the separate items, such as reflexes, that have come out of the 
investigation, and the primary behaviour materitd that was put 
into the investigation. This is a sad slight on an experimental 
soienoe that has hardly scratched the surfece in its task of exposing 
mechanisms of behaviour, and the firuits of whose investigations 
become richer and more numerous every day. If present advances 
are any indioaticm of what is to be, what we now know in the 

^ See Sir Herbert Samuel, “ Cause, Effect and Profeseor Eddington,” 
Nmetmah OmUury, leSS, CXIH, 408. 

'Natun, S34, S40, Segrt. 8, 1884. 
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field of the conditioned reflex, or in that of perception, or in that 
of cortical mechanisms of behaviour, is but a very small part of 
the knowledge that we shall presently have. We may well doubt 
whether those who make this criticism would regard explanations 
in terms of reflex theory or in terms of any other meohanktio 
concept as really inadequate to interpret the actual situations to 
which the concepts primarily relate. The mechanist never claims 
more for his views, as Hogben ^ has written, than “ that as far 
as we can see at present his way of dealing with things leads to 
the most complete unanimity which it is possible to attain.” 

This is but one weakness of the attack which uses as its weapon 
the argument that parts of behaviour do not make up the whole 
of behaviour. There is another and perhaps more significant one ; 
the argument is based upon a misconception of the usual direction 
and intention of scientific investigation. The nature of this mis¬ 
conception has been eloquently expoimded by Professor Levy,* 
but the argument cannot be harmed by repetition, especially in 
view of what has been said both by Dr. Bussell and by Dr. Bierens 
de Haan. 

In our investigations of behaviour we have to begin with the 
whole animal as it is given to us by common sense, and from its 
many activities we isolate, mentally, if you like, at first, parts 
which we wish to examine more closely. We are careful, of course, 
that the isolated parte, from the point of view of the investigation 
of their nature, are neutral to the wider environment to which 
they belong. If they were not neutral they could not be investigated 
as unique and separable systems. So far as the original, unique, 
whole behaviour is concerned, this method, in Professor Levy’s 
words, simply discloses the unique combination of isolated systems 
that it possesses. Every isolated system, every isolate we define, 
is “ unique in its mode of functioning, otherwise it would not be 
isolated ” ; every isolate is also a “ unique combination of its sub¬ 
isolates ”—of which one, in the field of behaviour and as the analysis 
proceeds, may turn out to be—let us say—a reflex. As we become 
concerned with the wrider or narrower issues in behaviour, we 
widen or restrict the sphere of isolation so as to include just enongjii 
of the environment to make our system neutral for the purpose 
of our particular observations. The process of isolation may be 
continued until the limits of scientific measurement are reached. 

Reflexes and tropisms are some of the theoretical isolates 
defined in the study of animal behaviour. They are not, however, 

* The Nature of Living Matter, 1980, Kegan Paul, Londcm. 

• The Urmeree of Scienoe, 1988, Watts, 
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isolated entities. There are no disembodied reflexes, any more 
than there are atoms and molecules other than those which are 
“the intellectual conceptions by aid of which physicists classify 
phenomena.’’ ^ The larger isolate, the animal’s total behaviour, is 
primary to the smaller isolate, the reflex, and the smaller isolate 
has meaning only in its unique relation to its parent isolate. It 
is the latter which is the prime reality, and thus from the scientific 
point of view it is by the whole that the parts are primarily described 
—^not the parts which have to describe the whole. It is therefore 
small wonder that the gross phenomena of experience cannot be 
reconstructed by the recombination of hypostasised scientific isolates. 

A satisfactory “ explanation ’’ of a form of behaviour would 
be a full statement of the pattern of its usefully definable sub-isolates 
in their combination of interactions within it. If a statement in 
terms of reflexes were to prove an unsatisfactory description for 
any particular behaviour pattern, it would not mean that descrip¬ 
tion in terms of other behavioural isolates would also necessarily 
provide an unsatisfactory explanation. It would not spell the 
doom of the analytical method in the interpretation of behaviour. 
It would only mean that reflexes happened to be inadequate isolates 
of the particular larger system concerned. Having said this it is 
necessary for me to add, lest I have conveyed a false impression, 
that no one can doubt that the reflex is an adequate concept for 
the description of some types of behaviour. To say that a descrip¬ 
tion of behaviour in terms of such a concept leaves out of account 
the bond which makes reflexes part of the totality of behaviour 
is to leave unconsidered the fact that the concept received definition 
by the investigation of a part of behaviour which was capable 
of isolation, and had meaning, only because it was part of the 
organised whole of behaviour. 

Bo far my argument has been chiefly aimed at defending the 
deterministic method of science against the attacks that have 
been directed upon it at this meeting. It is now time to e xamine 
the measures that have been suggested to replace this method. 
Essentially they fall into two groups: the first relating to the 
proposal to use the concept of organisation ; the second to amplify 
objective description with terms borrowed from introspective 
psychology. 

We have been advised to follow the “ oiganismal ’’ approach. 
We have been told that the wholeness of the anim al is primary 
and fundamental to the differentiatiem of its behaviour mechanisms. 
It has been pointed out “ that early behaviour does not arise through 

* Peaisoa, op. oit. 
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addition and combination of originally aeparate reflexea/' *■ and 
we bare heard that wholeness runs not only through the animal'a 
developmental life, but also through its perceptual life and through 
its processes of learning. 

No one could possibly take exception to these statements. At 
the same time, we may be permitted to wonder whether the doctrine 
of “ wholeness ” matters much from the scientific point of view, 
at any rate in so far as a chan^ of method is concerned. The 
co-ordination of the activities of animals is fundamentally given 
in the fact of their very existence. If animals were not co-ordinated 
wholes they could not be studied for what they are. If their 
parts and activities were differently co-ordinated, they would be 
different animals. In short, the wholeness of animals is the point 
at which we begin their scientific investigation. 

If I correctly understand the terms as they have been used 
here, organisation is closely linked with adaptation, and purpose 
emerges as a characteristic of an animal’s adapted activities within 
its field of experience. On their face value, I cannot see how such 
trite ideas add an iota to the technique of scientific enquiry, nor 
can I see how they could possibly change it. Indeed that is the 
one thing that has not been told us. We have been advised to 
abandon our analytical methods, and to begin as organismio students 
of behaviour—but, strange though it be, from the few indications 
we have been given on how to proceed, it would seem that having 
publicly declared ourselves to be organismio students we must 
once again start analysing. It is difBcult to believe that the invo¬ 
cation of teleological ideas brings us a single step nearer to otur 
specific scientific problem of the interpretation of organised patterns 
of behaviour. Assuming of course that they do not propose to 
content themselves with stating general teleological principles and 
leaving it at that, those who, in supposed opposition to the mechan¬ 
istic school, declare themselves to be organismio students are hiding 
from themselves the fact that any moves they might make to 
investigate animal behaviour will l^ve to be along paths beaten 
by the mechanists. 

I think I am right in believing that the opponents of mechan¬ 
istic analysis have not used the concept of organisation at this 
meeting to mean more than a mystical something given in the 
initial premise of organised behaviour. I can find no indication 
of any other meaning in what I have heard. At the same time, 
it would be imfair to leave the matter at this point, for a scientifio 
problem definitely lies in the question of the organising factors 

* B. 8. Russell, Th» Behaviour of AnimaU, 1934, Arnold, London. 
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Uieauelvm. Like other soientifio questions, it oannot, however, 
be profitably examined except by the deterministic method of 
science. The search for “ organising principles ” by means of this 
method has yielded such fruits as the theory of the integrative 
action of the nervous system and the theory of endocrine regulation. 
If organising factors exist in overt behaviour, they will be uncovered 
in the same way—and so far as we now know, in no other way. 

It is by no means uncommon for those opposed to mechanistic 
abstractions such as the conditioned reflex, to regard the concept 
of organisation within the perceptual field—one of the central 
issues of “ Gestalt psychology ”—as something which undermines 
a deterministic science of behaviour. This, for example, is the 
opinion of our President, who has summarised his view of the 
matter by telling us that “ the principle of the whole is as valid 
for the perceptual field as it is for executive behaviour.” The 
same debating use has been made of Lashley’s experiments on the 
relation of the cortex to learning.^ The argument is one which 
I fail to understand. 

It is a fact, amply established by experiment, that the responses 
of animals in some situations are responses to complexes or patterns 
in the perceptual field, and not to unrelated single specific things 
within the field. It is also established that animals sometimes 
react to the relations between things and not to the things them¬ 
selves. These findings, like those of Lashley, seem to me to fit 
perfectly well into a mechanistic view of behaviour, even though 
they may argue against the possibility of an exhaustive explanation 
in terms of point-to-point relations between single stimuli and 
single receptors. Some “ Gestalt ” and organismio psychologists 
attempt to persuade us, however, that the facts mean something 
more than appears at first sight. They see in them, as it were, 
a wider pattern formed by an intimate linkage of the perceiving 
object and the pattern it perceives and to which it reacts, and they 
are startled by the vision as if by a new discovery. But is it not 
in fact the very situation which they originally set out to inter¬ 
pret 1 Is it not the problem as it occurs in nature ? Kfihler ■ 
would have us believe that physical sciencie takes a disorderly 
nature, ” a world of confused experience,” and out of it fashions 
“ a world of clear and hard reality.” I find it difficult to imagine 
this disorderly naive universe of perception. Moreover, as a 
mechanist, I find it equally difficult to be impressed with the obvious 
fact that order and pattern do exist in the world we perceive. If 

* Brain MaAonitma and InUUigmot, 1929, University of Chicago Press. 

* Qtatatt Payehologyt Bell, London. 
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they did not so exist, there could be no repetition in thou|^t, and 
we should be unable to construct any organised system of scientific 
data. In our work we do not synthesise by chance, out of a com¬ 
pletely heterogeneous perceptual world, particular patterns for 
examination. If in any conceivable way we did so, it is remarkable 
that so many of us synthesise the same elements into the same 
patterns in such a way that we can get together and discuss them 
as we are doing this morning. Because we are all fundamentally 
made in the same way, there is nothing more inevitable than the 
fact that a common type of organisation characterises the per¬ 
ceptual world each of us as it were creates. 

Every living organism presumably forms a whole with those 
parts of the external world which are significant to it. In so for 
as the small worlds of different organisms do not overlap, they are 
all presumably smaller parts of a wider and more embracing world. 
Each organism exists only within its own organised perceptual 
world, and all its reactions in it are obviously organised reactions 
to organised parts of it. To emphasise this fact as though it were 
revolutionary seems to me absurd. To do so merely points to the 
sad fact that once again we have been blinded by general principles, 
and that once again we have come back to the starting point in 
our interpretation of behaviour, to the point where deterministic 
analysis begins. 

Of the suggestions that have been made for the modification 
of the present mechanistic methods in animal psychology, only one 
is of any concrete significance. Both Dr. Bierens de Haan and 
Dr. Russell wish us, if necessary, to explain an animal’s behaviour 
in terms of its presumed subjective experiences. 

I suppose no one could seriously object to the thesis that animals 
have subjective lives, for the question is one that is impervious to 
scientific statement and scientific proof. If there are students of 
animal behaviour who feel that a science relating to subjective 
experience can be established in non-ambiguous terms, it is up to 
them to prove their point. Introspective human psychology has 
had considerable difficulty from this point of view, and animal 
psychology can scarcely hope to have less. It catmot even have 
the direct aid of the ammals of whose subjective experiences it 
wishes to learn, for unlike human beings, animals cannot tell us 
what they feel, and why they think they do the things they do, 
I should think that the best we could expect from describing animal 
behaviour in the terminology of introspective psychology is the 
enhancement of our sympathetic attitude toward animals, with a 
consequent increase in our intuitive imdftT nt «i.T^ding of their ways. 
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But these things do not necessarily have an3rthing to do with 
science, even though they might help to discover the kind of question 
regarding aninial behaviour which can profitably be asked from 
the scientific point of view. In spite of this possible advantage, 
my opinion is that the re-introduction of the terminology of intro¬ 
spective psychology would be a disastrous step, calculatkl only to 
return the subject to its discredited anthropomorphic and anecdotal 
phase. 

The study of animal behaviour should be allowed to proceed, 
and animal behaviour should continue to be interpreted, by the 
one method that gives certain knowledge—^namely, by the applica¬ 
tion of well-established scientific method to objectively definable 
data, data which can be stated without the fear of ambiguity. 
What real advances animal psychology has made in the past have 
only been made by this method, which is in no way restricted-in 
its mode of operation. The method can operate in the usual 
inductive way to elucidate a limitless field of phenomena of animal 
behaviour. And it can also be used deductively to great efiect— 
as it has been, for example, by Professor C. L. Hull ^—not in 
mystical fashion, but by employing the general findings of experi¬ 
mental psychology as a basis for postulates which may serve for 
the purpose of further investigation. 

^ For example, “ The Qoal Gradient Hypothesis and Maze Leanung,” 
Ptnohci. rev., 1932, 39, p. 26. 
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“ Again, all things must have air m their body, since they are of porous 
structure and air Biirrounds and adjoins all things/* 

Luokstius, De JRerum Natura^ trans. Rousk. 

DAmEL Ruthbrfoed (1749-1819) was the son of John Rutherford, 
Professor of Medicine in the University of Edinburgh from 1726 
to 1765, by his second wife, Anne Mackay, a member of the Reay 
family. He studied at Edinburgh under Cullen and Black, re¬ 
ceiving the degree of M.D. in 1772 for his Disa&rtatio Inauguralis 
de jEre Fixo Dicto, aut Mephitico, in which he announced among 
other matters his discovery of noxious air,” the gas subsequently 
known as nitrogen. 

Rutherford did not include in his Dissertation any details of 
his experiments, but gave only their general results. More than a 
half of his text was devoted to an account of Mephitic Air,” 
which he defined thus : “ By Mephitic Air, which others call Fixed 
Air, I understand with the celebrated Professor Black that particu¬ 
lar kind of air that causes the death of animals, extinguishes fire 
and flame, and is strongly attracted by quicklime and alkalis.” 
This is evidently carbon dioxide, Black’s “ Fixed Air ” (see Alembic 
Club Reprints, No. 1); and there is no evidence that Black ever 
called it by any other name. Having discussed the ” mephitic 
air ” that was evolved from calcareous bodies, Rutherford proceeded 
to study the other kinds of “ air ” that extinguished fire and life. 
First among these was the ‘‘ air ” that had contracted its noxious¬ 
ness by animal respiration. Thus, when an animal was confined 
in a limited amount of air, it presently expired ; and the air was 
reduced in volume and rendered incapable of supporting fire or 
life. But removal of the ” mephitic air,” i,e, carbon dioxode, from 
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this polluted air by means of caustic ley did not restore it to its 
former wholesomeness; for, after this separation, it still proved 
as noxious as it was before. Exactly the same result occurred in 
the case of air that had supported the combustion of coals ; caustic 
ley removed the “ mephitic air ” from it, but it was still noxious. 
“ Indeed,” argued Rutherford, “ it appears by experiments that 
this change in the air, [i.e. its becoming noxious] is the only one 
that can be ascribed to fire.” This conclusion he based on the 
observation that no “ mephitic air ” was produced in the combus¬ 
tion of substances consisting of phlogiston and a fixed and simple 
base, e.g. in the combustion of sulphur and phosphorus, the residual 
air did not give a precipitate with lime-water, except that in the 
case of phosphorus lime-water sometimes yielded a turbidity, ” but 
a very slight one, not to be attributed to mephitic air but rather 
to that acid which is contained in phosphorus and which, as experi¬ 
ments have taught us, markedly possesses this particular property.” 

It was therefore clear that “ mephitic air ” was not produced 
by a change of common air brought about by the action of fire ; 
it was rather produced or ejected from the substance that was 
resolved by the fire. The other kind of air that was fatal to life 
and fire, air that Rutherford now began to speak of as “ noxious 
air,” appeared therefore to be “ compounded of atmospheric air 
united and, as it were, saturated with phlogiston.” This theory, 
Rutherford argued, was confirmed by the observation that this 
same “ noxious air ” was obtained when metals were calcined in 
common air. “ Mephitic air ” itself appeared to be “ composed of 
phlogistic matter and atmospheric air; for it is never produced 
except from bodies that abound in material apt for combustion. 
, . . From pMogistic matter I say, because, as noted above, pure 
phlogiston combined with common air seems to constitute another 
kind of air,” namely, the kind he had called “ noxious air.” 

As for the production of “ mephitic air ” in respiration, Ruther¬ 
ford pointed to Black’s suggestion that this air was possibly not 
produced in the lungs, i.e, not produced by a change of common 
air, but perhaps produced in the body by foods and ejected from 
the blood through the lungs. 

Rutherford’s Dissertation bears the date, September 1772. Six 
months earlier, Priestley, in papers read before the Royal Society 
of London on March 6, 12, 19 and 26, 1772, had described experi¬ 
ments resembling those of Rutherford (Phil. Trans., 1772, 62 , 
182-6, 181-3, 207-9, 226-33). Indeed, Priestley had shown that a 
mixture of brimstone and moist iron-filings diminished common air 
between | and and that the residual air did not yield a turbidity 
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with lime-water, was “ rather lighter than common air ” and ** ex¬ 
ceedingly noxious to animals ” ; that common air was similarly 
diminished by i “ by the fumes of burning charcoal,” the residual 
air, after the removal of “ fixed air ” by means of Ume-water, 
extinguishing flame, being noxious to animals, showing no action 
with “ nitrous air ” (nitric oxide) and being incapable of further 
diminution ” by any other cause of the dimmution of air that I am 
acquainted with ” ; and that the same result was obtained when 
lead and tin were calcined in air, m which case however there was 
never any turbidity produced by lime-water, and also when paint 
made from white-lead and oil was exposed to air. The diminution 
of the air in the experiments with charcoal was ascribed by Priestley 
to “ its having more than its usual quantity of phlogiston ” ; and 
this led him to the experiments with metals since these were ” gener¬ 
ally supposed to consist of nothing but a metallic earth united to 
phlogiston,” whereas, “ in other oases there was not only a cause 
of diminution, but causes of addition also, either of fixed or inflam¬ 
mable air, or some other permanently elastic matter . . . the effect 
of the calcination of metals being simply the escape of phlogiston, 
the cause of dimmution was alone and uncontrolled.” “ In the 
experiments with metals,” he wrote, ” the diminution of air seems 
to be the consequence of nothing but a saturation with phlogiston; 
and in all the other cases of the diminution of air, I do not see but 
that it may be effected by the same means. . . . Again, the iron, 
by its fermentation with brimstone and water, is evidently reduced 
to a calx, so that phlogiston must have escaped from it. Phlogiston 
also must evidently be set loose by the ignition of charcoal, and 
is not improbably the matter which flies off from paint, composed 
of white lead and oil. Lastly, since spirit of nitre is known to have 
a very remarkable affinity with phlogiston, it is far from being 
improbable that nitrous air [nitric oxide] may also produce the 
same effect by the same means.” 

Priestley did not, however, come to any more precise conclusion 
than this in 1772. Later, in 1774, he explained that “ in the first 
publication of my papers, 1 confined myself chiefly to the narration 
of the new facta which I had discovered, barely mentioning any 
hypotheses that occurred to me, and never seeming to lay much 
stress upon them. The reason why I was so much upon my guard 
in this respect was, lest, in consequence of attaching myself to any 
hypothesis too soon, the success of my future inquiries might be 
obstructed. But subsequent experiments having thrown great light 
upon the preceding ones, and having confirmed the few conjectures 
I then advanced, I may now venture to speak of my hypothc 
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with a little less diffidence. ... In a great variety of cases I have 
observed that there is a remarkable diminution of common, or 
respirable air, in proportion to which it is always rendered unfit 
for respiration, indisposed to effervesce with nitrous air [nitric 
oxide], and incapable of farther diminution from any other cause. 
The circumstances which produce this effect I had then observed 
to be the burning of candles, the respiration of animals, the putre¬ 
faction of vegetable or animal substances, the effervescence of iron 
filings and brimstone, the calcination of metals, the fumes of char¬ 
coal, the effluvia of paint made of white-lead and oil, and a mixture 
of nitrous air. All these processes, 1 observed, agree in this one 
circumstance, and I beUeve in no other, that the principle which 
the chymists call phlogiston is set loose , and therefore I concluded 
that the diminution of the air was, in some way or other, the con¬ 
sequence of the air becoming overcharged with phlogiston ” (Experi¬ 
ments and Observations on Different Kinds of Air, London, 1774, I, 
177-8). In a footnote he added • “ On this account, if it was 
thought convenient to introduce a new term (or rather make a new 
application of a term already in use among chymists) it might not 
be amiss to call air that has been diminished, and made noxious by 
any of the processes above mentioned, or others similar to them, 
by the common appellation of phlogtshcated air ” (ibid., p. 178). 
This was the first appearance of the term “ phlogisticated air ” . it 
was coined by Priestley in 1774. Meanwdiile, Daniel Rutherford 
had named the new substance “ noxious air ” and had advanced 
in September, 1772, an explanation similar to that which Priestley 
put tentatively before the Royal Society in March 1772, and more 
definitely in his Experiments and Observattons, etc., in 1774. Priest¬ 
ley’s experiments were more numerous than those of Rutherford, 
but his explanation was originally less precise. 

It is possible that Rutherford w'as unacquainted with Priestley’s 
papers of 1772, although he makes one (mistaken) reference to 
Priestley’s work, namely, to his study of the action of growing 
plants on “ mephitic air ” (Phil. Trans., 1772,62, 193 et serf.). Now 
Thomas Thomson (History of the Royal Society, London, 1812, p. 11) 
states that this volume, No. 62, was published in two parts. When 
such was the case, it appears that papers read before the Society 
in March would be included in the second part, which was published 
after the Society’s summer recess ; but it also appears that, contrary 
to Thomson’s statement, this was not the procedure until after 
Vol, 62 (see copy of resolution by Council, January 28, 1773, printed 
in PhU. Trans., 1772, 62, Preface, p, iv). Weld (History of the 
Royal Society, London, 1848, II, 565) makes a statement similar to 
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that of Thomson. Comparison of various copies of Vol. 62 shows 
that it was published in one part, not in two parts. It thus seems 
unlikely that Rutherford was aware of Priestley’s work before he 
published his Dissertation. We are, however, informed by Mr. 
H. W. Robinson, Assistant-Librarian to the Royal Society, that 
there is evidence that authors obtained and circulated copies of 
their papers shortly after reading them before the Society and 
before the pubhcation of the completed volume of the Philosophical 
Transactions. But there are sufficient differences between the two 
researches to suggest that any knowledge that Rutherford may have 
had of Priestley’s work was slight. 

It is however possible, even probable, that Rutherford may have 
heard only of Priestley’s discovery of the restorative action of 
growing plants on what he (Rutherford) supposed to be “ mephitic 
air ” and not of any of the other advances described by Priestley 
to the Royal Society in March 1772 ; for on March 30, 1772, Ben¬ 
jamin Bell wrote from London to Cullen, Rutherford’s teacher, 
stating that he had been present at the “ last meeting ” ^ of the 
Society and had heard Priestley announce this discovery, and 
making no reference to any other part of Priestley’s paper (J. 
Thomson, Life of William Cullen, Edin. and London, 1832,1, 648-50). 
The fact that Rutherford’s sole reference to Priestley’s researches 
(in the final paragraph * of the Dissertation) opened with the phrase 
“ Lately, as I have heard ” and that it mentioned only this one of 
Priestley’s numerous observations strongly suggests that Bell’s 
letter was the source of Rutherford’s information and that this was 
all that he knew at that time of his great contemporary’s recent 
labours. Further evidence of this appears below. 

Rutherford’s work is either ignored or misrepresented by his¬ 
torians of chemistry and the authors of chemical text-books. The 
only accurate account we have seen is contained in Sir Philip 
Hartog’s article on Rutherford in the Dictionary of National Biog- 

^ The “ last meeting ” would be that held on March 26, but the Journal 
Book of the Society for 1772 shows that Boll was present as a “ stranger ” 
at the meeting hold on March 16 and not at that of March 26. No details 
are given either m the Journal Book or m the Phil. Trans, of what sections 
of Priestley’s paper were read on the various dates, but it is not unreasonable 
to suppose that the particular section to which Bell was referring was read 
on March 16, when he was present, not merely from the contents of bis 
letter but also from its place in Pnestley’s very long paper. It is interesting 
to find that an unidentifiable “ Mr. Rutherford ” was present as a “ stranger ’* 
at the meeting held on April 2, 1772, the meeting following that at which 
Priestley completed the reading of his paper. 

* Translated below. 
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raphff} Most writers state that Rutherford called the new air 
that he had discovered in 1772 “ mephitic air.” Presumably they 
have misunderstood the title of his Dissertation, although this does 
not account for the curious statement made by one historian that 
Rutherford “ adhered to Mayow’s name, nitrotis air.” Some clear 
assertion is necessary on this point. Rutherford’s oer mephUictts or 
“ mephitic air ” was “ fixed air,” our carbon dioxide ; and he called 
the new air air mahgnus, which we have here translated as “ noxious 
air.” In 1774, as we have already noted,Priestley named it “ phlogis- 
ticated air ” ; and in 1777 Scheele called it “ vitiated air ” (Cot- 
lected Papers of Carl Wtlhdm Scheele, trans. L. Dobbin, London, 
1931, p. 106). The French chemists in revising the nomenclature 
of chemistry in 1787 named it “ azote ” {Mitkode de Nomenclature 
Chimtque, by de Morveau, Lavoisier, Berthollet and de Fourcroy, 
Paris, 1787, p. 36 ; English trans. by J. St. John, where it appears 
as ” azot,” Method of Chymical Nom€nclature,hondon,nS8,'p,26). 
Chaptal gave it its present name, nitrogen, in 1790, deriving it 
“ from the characteristic and exclusive property of this gas, which 
forms the radical of the nitric acid ” (Elements of Chemistry, trans. 
W. Nicholson, London, 1791,I,xxxiv-xxxvi). An earlier suggestion 
that it be called “ alkaligen ” on the grounds that it entered into 
the composition of the volatile alkali or ammonia was not well 
received. 

Rutherford did not extend his chemical researches. From 1772 
to 1776 he travelled abroad , and from 1776 to 1786 he practised 
medicine in Edinburgh. In 1786 he succeeded John Hope in the 
chair of Botany at Edinburgh. He died in 1819. Copies of Ruther¬ 
ford’s Dissertation are exceedingly rare. The author’s thanks are 
due to the Royal Society of Medicine, Wimpole Street, London, 
for the loan of their copy for the preparation of this paper. The 
title-page bears a quotation from the De Rerum Natura of Lucretius ; 
a translation is given below the title of the present publication. 

Finally, it is to be noted that a French version of Rutherford’s 
Dissertation appeared in Rozier’s Journal, Observations sur la 
Physique, in the number for June 1773 (Observations, etc., 1773,1, 
450), and that extensive corrections to this were made in the next 
number, that of July 1773, the Editor explaining that the first 
translation had been made from a manuscript sent from London, 
that the author’s text was now available and that the translator 

^ Professor J. R. Partington, M.B.E., has kindly pointed out to us that 
relevant paragraphs of Eutherford’s Dissertation were quoted by Thomas 
Thomson in the chapter on " azot ” in his System of Chemistry (Edin., 1802, 
I, 65-6 and 60-70). 
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was not familiar with Latin or else unpractised in the French idiom. 
But even this corrected version contains errors, omissions and addi¬ 
tions and is not a fair rendering of the original, which is not to be 
wondered at, having regard to the translator’s curious qualifications. 
However, it is more important to note that a translation of Priestley’s 
paper from the Philosophical Transactions of 1772, which we have 
quoted above, appeared in the numbers of this periodical for April 
and May 1773 {Observations, etc., 1773, 1, 292 and 394), and that 
the papers both of Priestley and of Rutherford were read, with 
what result we do not suggest here, by one who, first among his 
countrymen, was soon to begin to take an intense interest in the 
study of gases with a view to effecting a revolution in chemical 
thought,^ namely, by Lavoisier,* himself a contributor to this 
Journal. 

There is other interesting evidence that Lavoisier was familiar 
with Rutherford’s work ; for in his famous Memoire. sur la nature 
du Principe qui se combine avec les Mitaux pendant leur calcination, 
& qui en augmente le poids, as originally read to the Academy on 
April 26, 1776, but not as published in 1778 {Mini. Acad. R. 8ci., 
1776, p. 620) *, he discussed the view that “ fixed air is merely a 
combination of common air and phlogiston ” and said “ This is 
Dr. Priestley’s opinion.” This was certainly not Priestley’s opinion: 
it was Rutherford’s. Priestley’s view was that fixed air was an 
elementary substance, and common air a compound. Lavoisier 
had evidently become acquainted with this theory through the 
medium of the French version of Rutherford’s Dissertation that 
appeared in the Observations and to which we have already referred. 
Now, it is well known that Priestley suflfered much misrepresentation 
at the hands of translators, against the versions of several of whom 
he took trouble to protest, inserting detailed corrections of their 
errors in Vol II of his Experiments and Observations on Different 
Kinds of Air (London, 1776, pp 304-23). Turning therefore to 

* Cf. A. N. Meldrum, The Eighteenth Century Revolution in Science—The 
First Phase, Calcutta, 1029, pp. 7-13. 

* Lavoisier (Opuscules Physiques et Chymiques, Paris, 1774, p. 183, foot¬ 
note ; English trans. by T. Henry, Essays Physical and Chemical, London, 
1776, p. 217, footnote) mentioned Rutherford’s “ very well written thesis,” 
but it is clear that at this date (Jan. 1774) he regarded it as a mere summary 
of the work of Black, Cavendish and Lane and that Rutherford’s recognition 
of ” noxious air ” had escaped his notice (cf. Meldrum, op. cit., p. 20). 

* The memoir as originally road to the Academy on April 26, 1776, was 
published in the Observatwns, etc. (1776, 6, 429), but when the volume of 
the Mimoires of the Academy for 1776 was published m 1778 the reference 
to Priestley was omitted for reasons that appear above. 
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this volume (p. 313), we find that the statement by Lavoisier to 
which we have just alluded appeared to Priestley to be “ the most 
unaccountable mistake concerning any of my opinions relating to 
air,” Priestley sliding that he had been made aware of it through 
the publication of Lavoisier’s memoir in the Observationa for May 
1776.^ In protesting, Priestley pointed out that this was Ruther¬ 
ford’s theory, referring his readers to the latter’s DisaertcUio de 
cere fixo (p. 26), and added : “ Every thing that is English is not 
mine. I have mistakes enow of my own to answer for, and I cannot 
conceive how any thing that I have ever advanced on the subject 
should have been construed to bear that meaning ” (op. cit., p. 314). 

Moreover, as Priestley (ibid., p 316) stated incidentally that 
“ Dr. Rutherford, when he published his Diaaertation on fixed air, 
had only heard of my experiments ” and “ supposes ... I had 
restored fixed atr to a fitness for respiration by vegetation, whereas 
it was air injured by reapiration or putrefaction,” this provides further 
evidence that Rutherford’s acquaintance with Priestley’s work was 
limited to what was conveyed in Bell’s letter to Cullen mentioned 
above ; for Bell wrote that “ mephitic air being confined with grow¬ 
ing plants, is . . . thereby entirely changed, and again rendered 
pure ” (op. cit., p. 660), and to Rutherford “ mephitic air ” was 
“ fixed air,” whereas Bell was applying the term to “ air . . . 
spoiled, or rendered unfit for the purposes of life, by one or more 
animals frequently breathing it in a confined place ” (ibid., p. 649). 
This provides strong confirmatory evidence of our suggestion as to 
the source of Rutherford’s very limited knowledge of Priestley’s 
work and confirms the view that the researches that led to his 
discovery of the gas now known as nitrogen were carried out in 
entire independence of Priestley’s experiments. 

Translations of those sections of the Dissertation that refer to 
the discovery of nitrogen read as follows, but brief parenthetical 
reference to the omitted sections is necessary for proper appreciation 
of Rutherford’s approach tto the problem with which he was dealing. 

The Dissertation opened with two short paragraphs on atmo¬ 
spheric air, the necessity of such air for respiration and combustion 
and the knowledge of its weight, density and elasticity gained in 
the previous century (p. 1). Then followed a long sMwount of 
” Mephitic Air,” a weU-written summary of Black’s classic investi¬ 
gations with some mention of the work of Cavendish (Phil. Trana., 
1766, 66, 141 and 1767, 67, 92) and Lane (ibid., 1769, 69, 216) 
(pp. 2-16). Rutherford proceeded : ” Having now discussed the 
^ Obaaivationa, etc,, 1776, 6, 433. 

UU 
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mephitic air that is regenerated from caloareous bodies, I shall add 
a few words about such air of this kind as arises from other sources ; 
and firstly of that which contracts its noxiousness through animal 
respiration. It seems indeed remarkable that, although no animals 
can live without the benefit of atmospheric air, yet by their vital 
action the air becomes so deadly that it takes life away very quickly, 
almost before all other poisons. For the most vigorous animals, 
when plunged into such air, perish almost instantly. Indeed, if an 
animal is confined in a glass vessel away from all communication 
with the external air, it begins to be affected by an uneasiness and 
unrest and, sooner or later, according to the capacity of the vessel 
and the volume of the air in which it breathes, it collapses as if 
stricken by apoplexy. Meanwhile the air in which the animal is 
confined, although it appears at first to be expanded and rarefied 
a little by the heat of the animal, yet in a short time begins to lose 
something of its elasticity until, when the animal has died, it gradu¬ 
ally returns to its former dimensions, and is then reduced to a 
smaller volume and found to be in some degree mephitic. Thus 
air, in which a mouse had expired, lost about of its volume ; 
of this about -j*!- was absorbed by alkali; the flame of a wax-candle 
immersed in it was immediately extinguished, but the wick con¬ 
tinued to glow a little longer. 

“ It certainly seems probable that different animals, breathing 
in a definite quantity of air, render different proportions of it 
noxious ; indeed that the same animal can at different times corrupt 
the air with that lethal quality in shorter or longer intervals ; since 
experiment shows particularly that the volume of air, in which 
different animals are confined, is diminished at one time more and 
at another time less, at one time indeed by -j^ part of the whole 
and at another by not more than Further, it is clear from 
experiments that, among animals of the same kind, some can 
endure noxious air longer than others can ; for if two mice were 
confined in the same air, one generally lived longer than the other; 
and it is indeed probable that the same thing can happen to the 
same animal in a different time. It is therefore difficult to deter¬ 
mine the proportion of mephitic air that makes common air unfit 
for respiration; and perhaps the same thing would happen if it 
contained J or J part of mephitic air. 

“ But pure and wholesome air not only becomes partly mephitic 
by ammal respiration, but also suffers thereby another remarkable 
change in its nature. For, after all the mephitic air has been 
separated and removed from it by means of caustic ley, nevertheless 
what remains does not thereby become in any way more whole- 
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Bomo; for, although it gives no precipitate mth lime-water, it 
extinguishes both ^me and life no less than before. Indeed, it is 
doubtful whether mephitic air is really produced in the lungs or 
whether, as appears probable, it is ejected from the blood through 
the limgs as something noxious, perhaps already produced in the 
body by foods. 

“ It is observed too that animals, the more warm-blooded they 
are, the more they need a perfect and constant respiration and the 
more rapidly they pollute the air with a noxious quality ; may we 
not therefore bo allowed to suspect that the heat of animals and 
this change in the air arise from the same cause ? * 

“ Just as the life of animals depends on the free enjoyment of 
air, so also is air wholly necessary for the maintenance of flame and 
fire. But no less by fire than by respiration is it changed into a 
nature unsuitable for and opposed to both uses. And, since the 
effects of these are entirely similar, what I have previously said 
about respiration can be repeated about fire. . . . 

“ Air, which has supported fire, suffers scarcely less loss of its 
elasticity than if it had served for ammal respiration ; its volume 
is indeed diminished by about a twentieth part. . . . 

“ The quantity of mephitic air produced from a candle enclosed 
in a glass vessel bears almost the same ratio to the whole mass of 
'included air as if an animal had expired in it. 

“ Indeed almost the same proportion of mephitic air, mixed with 
common air, appears to be sufficient to extinguish both fire and 
life. 

“ Air, which has been blown through kindled coals by bellows 
and then purified from all mephitic air, still appears noxious and is 
entirely similar to that which has been polluted by respiration. 
Indeed, it appears by experiments that this change in the air is the 
only one that can be ascribed to fire. For, if any material, which 
consists of phlogiston and a fixed and simple base, be kindled, the 
air that is produced from it appears to contain not the least quan¬ 
tity of mephitic air. Thus air, in which sulphur or phosphorus of 
urine has been burned, although in the highest degree noxious, 
nevertheless does not at all precipitate lime from water. Some¬ 
times indeed this air, if it has been produced from phosphorus, 
induces a little cloud in lime-water, but a very slight one, not to be 

^ Of. ProfeoBor Black. (Black considered that animal heat depended 
on respiration, and that heat was generated in the lungs by the action of 
air on the principle of inflammability “ in a manner little dissunilar to what 
ooours in actual inflammation.” See P. D. Leslie, A Philoaophieal Inquiry 
Mio the Oauee oj Animal Heat, London, 1778, p. 7S.) 
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attributed to mephitic air but rather to that acid which is contained 
in phosphorus and which, as experiments have taught us, markedly 
possesses this particular property. Whence therefore it is evident 
that pure air is not changed into mephitic air by the action of fire ; 
but that mephitic air is rather produced by or ejected from the 
body that is resolved by the fire. In like manner it may even be 
concluded that noxious air is compounded of atmospheric air united 
and, as it were, saturated with phlogiston. And this is confirmed 
by the observation that air, which has served for the calcination of 
metals and has taken away the phlogiston from them, is plainly of 
the same nature ” (pp. 16-20). 

Rutherford, after referring briefly to the production of mephitic 
air in decomposition, went on to discuss the opinion of Stephen 
Hales that air was the bond unitmg the ultimate particles of bodies 
(Vegetable Staticks, London, 1727, 1, 314), and to refute the views 
of those (cf. D. Maobride, ^xpermcntoi Essays, London, 1764) who, 
after Black’s discoveries, had argued that mephitic air was “the 
universal bond of the elements,” by showing that this substance 
was not at all so common a product of decomposition as they sup¬ 
posed and that in many cases the products of chemical decomposi¬ 
tion were of “ a nature entirely opposite to that of mephitic air ” 
and, indeed, not infrequently inflammable (pp. 21-4). He went on : 

“ I intended to subjoin some observations concerning the com¬ 
position of mephitic air and to seek thence a means for the removal 
of its noxious powers; but, in this matter, I have so far found 
nothing certain. Some observations suggest that it is composed 
of phlogistic matter and atmospheric air ; for it is never produced 
except from bodies that abound in material apt for combustion; 
yet phlogiston seems to be imparted to other bodies and hence 
avails for the reduction of metallic calces. From phlogistic matter 
I say, because, as noted above, pure phlogiston combined with 
common air seems to constitute another kind of air. lately, as I 
have heard, that very ingenious man, Dr. Joseph Priestley, the 
celebrated author of the history of electricity, has shown that 
vegetables growing in mephitic air drive away or, as it were, draw 
out its noxious powers and restore it to its former wholesomeness; 
and indeed that mephitic air by the addition of air from putrid 
flesh partly loses its noxiousness. But experiments which could 
confirm these things cannot yet be devised with sufficient accuracy ” 
(pp. 24-6). 



THE SOLID STATE 

By REGINALD E. GIBBS, D So., F.Iwsr.P. 

Vniw)r$Utf of London, Univenity College 

It is perhaps natural that studies of the properties of matter should 
have been divided into three groups, corresponding to the obvious 
division of matter into its three states, gaseous, liquid and solid, 
between which the lines of demarcation have, until recently, been 
so clearly discernible. This sequence is suitable also, in that it 
corresponds to the complexity of the various problems involved 
and forms to-day the order of the relative states of general develop¬ 
ment of these three branches. 

Because of the more tractable nature of the problems which it 
oflFered, the gaseous state was the first selected for study. Com¬ 
pared with their own size, the atoms or molecules in a gas are 
relatively far apart and, except at the instants of collisions arising 
from Brownian motion, the forces of interaction are negligible and 
the solutions of problems correspondingly simple. 

Next in order of complexity is the liquid state, in which the 
atoms or molecules are much closer, close enough in fact for the 
forces of interaction to be of importance, yet sufficiently distant 
for these forces to be averaged and the field to possess central 
symmetry. 

Pursuing this point of view, the solid state is of course the 
most complex, as the fields of force of interaction have not only 
attained greater values but have lost their centro-symmetry; this is 
reflected in the acquisition of rigidity by the material. The inter¬ 
atomic forces are now very definitely localised or directed. Fortu¬ 
nately, however, an accompanying simplification was discovered 
in the regularity which was found to underlie the natural architecture 
of the solid state. 

Only just over twenty years have elapsed since the first experi¬ 
mental demonstration of the diffraction of X-rays by matter, yet 
our knowledge of the solid state has reached an advanced stage 
of development, for it is essentially a study of regularity, of 
repetition. For every substance under any stated conditions, just 
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two main disooTeries are neoesBary; firstly, the geometry of the 
smallest unit or brick, for there is one only which has to be repeated 
to build the whole edifice and secondly, the particular mode of 
repetition used in completing the edifice. The second part of the 
jHoblem, viz. how to arrange exactly similar bricks in regular 
fashion to fill all space, was a problem of which, fortunately, the 
earlier crystallographers had disposed, in so far as exhibiting the 
strictly limited number of possible arrangements; it remained 
only to select the requisite one for each substance. The mathe¬ 
matical theory of the crystal lattice was ready to hand, therefore, 
and succeeding years have been crowded with rapid advances. 
Starting from Bragg’s elucidation of inorganic substances like 
rocksalt and diamond, crystalline structures have been found for 
hundreds of substances of progressively increasing complexity, 
until such unpromising materials as, for example, hair, rubber and 
fibres, are now to be found in the lists of known structures. 

The structures deduced from X-ray observations afford a good 
explanation of many of the properties of the respective substances 
and therefore must represent their true structures fairly closely. 
Although these structures are expressed in terms of the infinite 
mathematical lattice, it is obvious that the correspondence can¬ 
not be exact. It is certainly true that no specimen is infinite in 
size, but is it equally true that even within the limited boundaries 
of the specimen, the actual lattice is ideal ? In other words, 
there remains for consideration the deviations of real crystals from 
the ideal lattice, their imperfections. If such imperfections are 
to be disclosed by their effect upon the diffraction of radiation 
in producing or cancelling spectral lines, then there are two essential 
conditions, viz. that the imperfections should be periodic and 
secondly, that the repeat distance should be comparable with the 
wavelength of the radiation. As there is no reason why either of 
these conditions should be fulfilled, X-rays are limited in their 
usefulness in this problem. Fortunately, however, should such 
imperfections exist, they must determine the size of the coherent 
regions of the ordinary lattice, and in this way become amenable 
to detection by X-rays by the small modifications of intensity 
distribution to which they give rise in existing spectral lines. 

An early step in this direction was made by W. L. Bragg [1], Evald 
and others, by studying the intensity of reflection of X-rays by 
crystals in both magnitude and direction, i.e. in absolute value and 
angular spread. If the network of diffracting centres corresponded 
exactly with the mathematical conception, the width of an X-ray 
reflection under the usual experimental conditions should be about 
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6* of arc, whereas in practice, much larger values, often 300' of arc, 
were generally obtained. The integrated intensity of reflection 
also was much larger for most substances than the ideal lattice 
would warrant. Both these discrepancies pointed to lattice imper¬ 
fections and vindicated the ideas advanced originally in 1014 by 
C. 6. Darwin [2], As the basis of his mathematical work, he con¬ 
sidered that crystals may be in any stage of imperfection between 
the two extreme cases of (i) the ideally perfect crystal corresponding 
closely to the mathematical lattice; and of (ii) the ideally imperfect 
or mosaic crystal consisting of minute blocks of a few thousand 
atoms for linear dimensions, each block being perfect in itself but 
set only nearly parallel to its neighbours. The lack of parallelism 
spreads the reflection and increases the integrated intensity by 
allowing blocks situated well inside the crystal to add their full 
quota to the reflection. With a very few exceptions, nearly all 
crystals correspond, more or less closely, to the mosaic type. 

This one type of experiment alone is sufficient to show that 
perfection is extremely rare even in the world of crystals, imper¬ 
fection being the normal state for all methods of growth. Naturally 
many questions present themselves, e.g. why should ideally perfect 
crystals be so rare, what other evidence can be advanced as to the 
nature or even the existence of these imperfections and are they 
a fundamental property of matter ? The present position is 
therefore one of great interest, as witness the time devoted by 
the recent International Ckinference on Physics to these and many 
other problems associated with the solid state. In fact such a 
wealth of theory and experiments of so diverse a nature have 
been brought to bear upon this subject, that it is impossible even 
to mention many important researches in a short account of the 
position. 

The ideal lattice structure is adequate fur the explanation of 
many physical properties and calculations, as an example of which 
may be quoted the calculation of the refractive indices of calcite 
and aragonite by W. L. Bragg; but there are other properties, 
classed as structure-sensitive, for the explanation of which it soon 
becomes obvious that something more is needed to complete the 
picture. Prom amongst the structure-sensitive properties, it may 
not be out of place to direct attention first to the particular one 
which will emphasise the technical importance of the problem in 
hand, viz. to cohesion. The ultimate breaking stress is always 
measured and regarded as a definite physical constant for a material, 
yet it does not agree, even in order of magnitude, with values 
calculated on the basis of ideal lattices. The calculation certainly 
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involves a knowledge of the laws of force between the atoms in 
the lattice under consideration, but although it is not necessarily 
exact, it cannot be in error to any great degree. The measured 
values are always too small by a factor of some hundreds or even 
some thousands. What is the cause of this discrepancy ? 

Attention was attracted to the problem by A A. Griffith [3], who, 
in 1920, showed that values very much nearer the theoretical do 
occur in special cases. Experimenting with freshly drawn thin 
glass or sihca fibres, he obtained breaking stresses up to one million 
Ib.-wt. per sq. inch, whereas about twenty thousand is the normal 
value. Unfortunately these fibres proved to be unstable, the 
breaking stress being large only if the measurement was made 
soon after the preparation of the specimens. After a short interval 
the fibres would revert spontaneously to their normal weak state ; 
but if fractured whilst in the abnormally strong state, the report 
was much louder and deeper than that accompanying normal fracture, 
whilst the fibre was always shattered into numerous pieces and 
often reduced in parts to a powder. A fracture at any position 
markedly reduced the strength throughout the entire length of the 
fibre. Griffith found that the breaking stress S of the normal 
weak fibre could be correlated with its diameter D by a formula 
of the type S = o + 6/D, where a and 6 are constants, a result 
which he interpreted as indicating a weak interior and a very 
strong surface layer Numerical values indicate for this skin a 
maximum breaking stress of about 1-6 x 10* lb. wt./in.* and a 
thickness of about 10 in. 

Griffith attributed the weakness of the interior to the existence of 
faults, coupled with a process offault propagation, arising from the 
stress concentration which would naturally occur at the sharp 
edges, and m explanation he assumed a molecular model in which 
attraction is dependent not only upon the separation of the molecules 
but also upon their relative orientation. For a solid consisting of 
molecules of this type, orientated initially at random, he visualised 
the approach towards stable equilibrium as rotations, aligning the 
molecules with their attraction maxima, collinear or coplanar. 
Each sheet or imit, containing a large number of ordered molecules, 
would be arranged in a haphazard manner relatively to its neighbours 
and, possessing directions of maxima and minima of attraction, 
could itself constitute a potential flaw. In a free surface, the 
sheets were to be orientated with their maxima of attraction lying 
in, i.e. parallel to the surface, a tendency diminishing with increasing 
distance from the surface. Such an alignment would cause the 
flaws near the surface to run parallel with it, endowing this surface 
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layer therefore with an enhanced strength. Griffith advanced 
evidence in favour of the existence of these units of about 10,000 
atomic diameters in width in both solids and liquids, and, although 
his ideas are not considered entirely correct to-day, they served a 
valuable purpose as an incentive for further work on this problem. 

Before proceeding to consider later developments, however, it 
will be advisable to recall the existence of two rather different 
types of mechanical failure, viz. plastic and brittle. Illustrating 
failiire by reference to a uniform rod under tension, the plastic 
type is associated with a local thinning of the stressed material 
prior to firacture at this position, whilst the brittle type occurs 
without previous deformation. The type of fracture likely to 
occur in any particular case depends upon the relative values of 
the elastic limit and of the breaking stress, and will be plastic or 
brittle respectively as the elastic limit is lower or higher than the 
breaking stress. Now whilst the latter is almost independent of 
temperature, the elastic limit decreases with rise of temperature, 
so that materials may be subjected to either type of fracture accord¬ 
ing to the temperature: e.g. cadmium, which is plastic at room 
temperature, is brittle at that of liquid air; and magnesium, which 
is normally brittle, is plastic at temperatures corresponding to a 
“red heat.” The fibre experiments of Griffith were, of course, 
examples of brittle fracture. 

Many of Griffith’s suggestions have been challenged by Joff6[4] 
who, with his co-wor ters in Russia, has carried out many interesting 
investigations on solids. He etched in hydrofiuoric acid a section 
of a glass rod of about one mm. diameter down to about 60 pi and 
showed that, if put under tension whilst still in the process of 
etching, the unetched segment of original thickness fractured before 
the thin portion ; and secondly, that the breaking stress of the etched 
part was the same as that of a fibre of equal thickness drawn in a 
flame. Thus the rod had been strengthened by the removal of 
its surface. Elaborations of this type of experiment led Joff'6 to 
agree with Griffith in visualising the bulk of material as riddled 
with a random distribution of an immense number of flaws, but 
to disagree with him as to the cause of weakness. JofP6 considered 
that these flaws only became dangerous on teaching and forming 
a part of the surface, the most dangerous flaw being responsible 
finally for mechanical failure. It is rather curious that ideas 
should have to be so completely reversed, for whereas Griffith 
considered the surface as a source of strength, Jofl^ maintained 
it to be the real source of weakness, arising from the initiation of 
macroscopic cracks at the sharp surface irregularities. The im- 
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mense number and statistioal distribution of the flaws accounted 
for both the constancy of the breaking stress as measured on large 
specimens and for its marked variations from one specimen to the 
next for very thin fibres. The law of variation of breaking stress 
with fibre size follows from the assumption that the probability 
of a fault of given sharpness, upon which is dependent the d^;ree 
of danger, increases with decrease in size of the fault, i.e. there 
are only a few sharp faults large enough to be dangerous. The 
large surface of a big rod is therefore much more likely to contain 
some of these really dangerous faults than is the surface of a small 
fibre, i.e. the probability of a dangerous surface fault decreases 
with decrease of surface, and finally therefore thin fibres should 
possess greater strength. 

We turn now to other materials and methods which have been 
used in demonstrating the existence of a high cohesion. All the 
methods are designed to avoid surface weakness, either by con¬ 
tinuously creating a new surface or by placing the body of the 
material under stress whilst leaving the surface free. The former 
method which includes the etching of glass fibres already described, 
was used also by JofiF6 for observations on rocksalt. The normal 
breaking stress of the crystal is about 0 4 kg.wt./mm.*, but, by main¬ 
taining the crystal under stress whilst the surface was being contin¬ 
uously dissolved away, he obtained values up to 160 kg.wt./mm.*, 
which is not much below the theoretical maximum of 200 kg.wt./mm. ■ 
It is noteworthy that the values obtained under such conditions 
are in excess of the elastic limit and, as would be expected in such 
a case, rocksalt, which is normally brittle, becomes plastic. This 
has raised the difficult question, at present unsolved, as to what 
has happened to the underlying lattice when, say, a right-angled 
bend has been impressed on a slip of rocksalt. 

The first of the experiments involving the second method of 
demonstrating large cohesive forces is due again to JofPS. He 
subjected spheres of rocksalt to a very sudden change of tempera¬ 
ture by first cooling them in liquid air and then inserting thorn 
in molten lead. Although the spherical surface was free, very large 
stresses must have been developed internally, and from the fact that 
the specimens remained intact, it was calculated that the cohesive 
forces must amount to at least 60 kg.wt./mm.*. The second experi¬ 
ment was concerned with the tensile strength of mica lamellee, 
which Orowan [6] measured by applying the tension through clamps 
much narrower than the width of the mica strip and much closer 
together than its length. This simple artifice, by which the stress 
was applied between positions far removed from any edge, was 
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effeotive in leaving the edges of the strip practically free from stress, 
so that the tendency for crack propagation inwards from the edges 
was very much reduced and correspondingly large values of the 
breaking stress were obtained. 

Having considered at some length the great discrepancy between 
the theoretical and practical breaking stresses, it is perhaps relieving 
and certainly suggestive to consider a case of agreement. Such 
agreement between theory and experiment exists if, instead of 
the cohesive force, the surface energy is considered. To create 
new surfaces, work must be done, and Obreimoff [6] measured this 
quantity for the cleavage plane of mica. He measured the energy 
which had to be expended to split off a given area of lamella by 
driving in a carefully shaped glass wedge by successive taps with an 
iron hammer actuated by a magnetic field ; performing the experi¬ 
ment in a vacuum, he obtained the large value of 20,000 ergs/cm.®. 
In a vacuum it takes a considerable time for sheets to separate, 
whilst in the air a sheet could be levered off immediately, the 
air and moisture quickly contaminating the freshly formed surfaces 
and destroying any residual attraction between the ions in the 
opposite surfaces. Even a monomolecular contamination layer is 
sufficient completely to alter the properties of a surface, so that 
due allowance for this must be made in the interpretation of any 
results. Obreimoff’s experiment, as Sir William Bragg has pointed 
out, really provides the clue to the mystery. Surface energy and 
cohesive force can both be calculated from the lattice theory, the 
first result agreeing closely with experiment, the second disagreeing 
entirely. This means effectively that, whilst there is agreement 
as to the value of the product of force and distance, the force itself 
is in practice too small, t.e. the process of breaking a body involves 
too small a force acting over too large an integrated distance or, 
expressed alternately, the interatomic attractions are overoome 
successively ; in fact it is just one more example of the old adage 
that unity is strength. Sir William Bragg has given an instructive 
illustration in recalling the small sharp cut in the edge of a piece 
of material, which everyone would make before attempting to tear 
the material into two pieces. In view of the satisfactory nature 
of this explanation, there is little doubt that weakness must arise 
from concentration of stress at the ends of faults of some description, 
most probably propagated inwards from the surface; much remains, 
however, to be said about the faults themselves. 

Passing now to the other type of deformation and rupture, 
viz. plastic, we encounter a whole array of new phenomena, phe¬ 
nomena for many of which no really satisfactory explanation exists. 
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The phenomena are capable of easier analysis if observationB are 
made on single crystals. Metals, some of which were obtained 
by Andrade in 1914 in the form of single crystals are very suitable, 
particularly as their preparation in this form is now comparatively 
easy and the orientation of the internal structure relative to the 
outer contour can be controlled. If single crystal wires or rods are 
stretched, the surfaces become marked by a large number of parallel 
lines. These are really the eUiptioal traces on the cylindrical surface 
of the wire of a parallel set of slip planes in the metal. They will 
therefore appear straight or curved, depending upon the viewpoint. 
The slip planes are, of course, referable to the crystal lattice and 
are generally certain members of the set of parallel planes con¬ 
taining the greatest number of atoms per unit area in the structure, 
i.e. the most widely spaced planes of the lattice. Frequently two 
or more sets of slip planes become operative and cover the surface 
with their respective traces, hut for the moment it may be assumed 
that a single set alone is involved. 

The various parts of a wire slip relatively on this set of planes 
corresponding to the rather crude analogy of a portion of a stack 
of corrugated iron sheets sliding over the remainder. In the case 
of the crystal, the direction of slip can generally be specified as 
parallel to the direction of greatest linear atomic density. 

The fracture of plastics is of interest, as it formed one of the 
difficulties of the Griffith theory, which would necessitate for such 
materials the existence of very long cracks. Recently, however, 
Orowan has shown that these eu:« not essential, quite small cracks 
of the order 1 /x, coupled with plastic flow, sufficing to initiate the 
process of crack propagation. 

The feature of particular interest is that, although all the mem¬ 
bers of a parallel set of planes in a lattice are crystallographically 
similar, yet the slipping is restricted, as far as can be awcertained, 
to a comparatively small number. The operative planes are 
separated from one another by several hundreds, possibly thousands, 
of inoperative neighbours. The discovery and explanation of some 
process leading to the selection of these comparatively few isolated 
planes is the aim of many current researches. The total extension 
of a stretched wire results then, not as the integral of an infinitesimal 
slip on all the equivalent planes, but as the sum of a measurable 
slip on widely separated planes. JofF6 and others have shown 
that the extension progresses disoontinuously, the individual slips 
being audible like ticks of a clock, following one another regularly 
at gradually increasing intervals, the magnitude of the jumps being 
approximately constant. Naturally the spatial separation of these 
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planes is of ftmdamental importance, particularly as, although 
differing widely in materials, for any one specimen it is sufficiently 
constant to lead some investigators to demand an exact periodicity. 
A statistical periodicity, however, such as has been shown by 
Andrade and Hutchings [7] to exist for solid mercury, would seem to 
meet the case more closely. It is easy to consider that the par¬ 
ticular planes on wliich shp occurs, were really inherent slip planes 
already differentiated from the remainder before any deformation 
takes place. The differentiation might arise, for example, from 
traces of impurities segregated in these planes, although for mercury 
this explanation has been shown by Andrade not to be acceptable. 
Another suggestion was due to Zwicky [8j, who postulated the 
instability of an ideal lattice and supposed that the special nature 
of these planes arose from some form of secondary structure of an 
ultramicroscopic size of several thousand atomic diameters as the 
periodic unit, a structure which was to be inherent in aU crystalline 
materials. Zwicky’s hypothesis of regular secondary structures 
has met with considerable opposition, but it is worth notice since 
it has led to many interesting experiments. 

It is obvious that atoms or ions in or near the surface of a crystal, 
say rocksalt, must reside in a less uniform field of force than those 
well within the body of the material, resulting in a residual attrac¬ 
tion normal to the surface and directed inwards. There would be 
a tendency, therefore, for the surfaces of conic structures to contract 
as though they were in tension ; in fact, the effect is measrued as 
if it were a surface tension. In the case of rocksalt, Lennard 
Jones [9] has calculated that a two-dimensional lattice of Na and 
Cl ions would have a spacing smaller by 5 per cent, than that of 
rocksalt itself. Naturally in an actual crystal, the surface caimot 
be contracted to this extent without severely deforming the lattice. 
Zwicky considered the surface contracted in patches of substantially 
uniform size, separated by crevices, the linear spacing of which he 
calculated to be about 100 A. both in and perpendicular to the 
surface. Upon this structure he superimposed a still coarser super¬ 
structure to correspond in size to the mosaic blocks discovered by 
X-rays, and arrived finally therefore at a regular unit of a size 
indicated by many diverse experiments. It is now admitted that 
the conception of a regular secondary structure was based upon a 
rather unsafe foundation. 

If the exact periodicity is replaced by a partial random distribu¬ 
tion, but with a tendency towards some selected spacing, other 
hypotheses are forthcoming. Joff(6, for example, suggests that 
slipping may tend to destroy a plane and that the irregularity 
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introduced may extend to some distance on either side, thereby 
causing these regions to remain free from subsequent slipping and 
introducing an average spacing between slip planes. 

Smekal [10] and his school have been to the fore in attacking the 
regular secondary structure, but still favour the internal surface, 
which they consider reconcilable with the ideal lattice. These 
internal surfaces or gaps, of which there must be an immense 
number, are considered" to arise in the course of the growth of the 
crystal, which, as Volmer and Brandes, and Kossel and Stranski 
have shown, is essentially a tangential growth along definite lattice 
planes. The molecular or atomic character of the growth expresses 
itself as deviations, perhaps in the form of gaps or variations of 
orientation for which Smekal postulates a distribution which in 
general locates the flaws in the principal planes of growth. 
Such a distribution coupled with simultaneous growth from many 
centres would, Smekal considers, produce a type of block structure. 

Once again these primary flaws are submicroscopic, but from 
them a secondary system of much larger flaws may arise as a result 
of distortion due to temperature changes or mechanical working. 
The primary group is made responsible for many properties associ¬ 
ated with flaws, whereas plastic deformation discloses the secondary 
group alone. A fuller development of these ideas enables Smekal 
to give some explanation of the structure sensitive properties such 
as diffusion, photochemical phenomena, cohesion and plastic 
deformation. It may be noticed in passing that the original 
Griffith cracks are gradually becoming less severe, in that the 
irregularities may be just discontinuities caused by the inclusion 
of stranger atoms or be only variations of density, as Smekal sug¬ 
gests, a kind of “ frozen Brownian motion.” 

Before considering any other theories, we may pause for a 
moment on one particular question, viz. is a block structure, which 
has flgured rather frequently as a fundamental state of matter, 
really constitutional ? In partial answer to this we must renew 
our consideration of rocksalt, unexpectedly as it may be, not in 
confirmation but as a caution. Recently, by careful crystal growth, 
Evald and Renninger [11] have been able to show that rocksalt, the 
standard example of mosaicness, need not be mosaic at all. They 
obtained X-ray reflections agreeing exactly with those expected 
finm a perfect lattice. If in contrast to a freshly cleaved surface, 
a polished surface of the same crystal was examined, the results 
for the mosaic structure were at once obtained. The polishing 
had produced mosaicness to a depth at least greater than mm. 
Here then is definite evidence that, at least in a range below 1 ft, 
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the crystal can be perfect, and mosaicness can no longer be con¬ 
sidered constitutional. 

As a second illustration of the same wide variation in crystals of 
one material, reference may be made to the work on the diamond 
of Robertson and Fox, who have shown that even amongst these 
crystals, which normally form the standard of perfection, there 
are just a very few specimens possessing a laminar or mosaic struc¬ 
ture and exhibiting the properties associated with this type. It 
has been suggested that these specimens may have been subjected 
to deformation imder special conditions at an early stage in their 
history. Andrade and Martindale [12] succeeded in making visible 
certain structural properties of the surface of these diamonds by 
spluttering on them thin uniform films of silver or gold about fifty 
atoms thick. Subsequent heating m vacuo up to just over 200° C. 
caused these films, except the part immediately in contact -with 
the supporting surface, to become so mobile that small agglomera¬ 
tions of silver, say, were formed at the expense of the general 
thickness of the film. Two points of interest arise: firstly, evidence 
is advanced for considering these specks to be spherulitic; and 
secondly, their distribution on the surface. On a normal diamond 
the distribution is haphazard, but on a mosaic diamond the spheru- 
lites are formed along very sharp lines. Sometimes these lines 
are curved, but in many cases a group of parallel lines of spherulites 
is formed. They were obtained also on silica but not on mica, 
the cleavage face of which is known to be more nearly perfect. 
The importance of this linear grouping lies in the fact that these 
spherulites line up where no line or marking was previously visible ; 
they expose therefore some surface irregularity which would other¬ 
wise remain undetected. Andrade points out that these lines 
correspond to traces of important crystalline planes and suggests 
that they correspond also to the Griffith flaws. 

There remains only one more phenomenon of major importance 
which has so far not found a place in this account, mainly because 
so much study has been devoted to the problem that its introduction 
at an earlier stage would have been attended by the risk of exclusion 
of other matters; it is the work-hardening of metals. Although 
in practice experiments firequently deal with materials of poly- 
crystaUine texture, the phenomenon is so complex that it is essential 
to restrict our attention to a single orjrstal. Even quite a thick 
rod of copper, for example, can be bent quite easily if it is a single 
crystal, but to maintain or repeat the process is impossible without 
a very large in<»ease of stress; some profoimd change, termed 
work-hardening, has been induced. Visual and X-ray observations 
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by W. 6. Burgers [13] and others show that a shear deformation 
can be produced which, on the macroscopic scale, appears homo¬ 
geneous. Such an ideal shear deformation could occur without 
any distortion of the lattice, but the asteiism shown by Laue 
photographs reveal the inhomogeneity of the process and a curvature 
of the crystal planes. The apparently conflicting results can be 
consistent, however, if the curvatures are strictly local in character. 
These would cause a sort -of puckering, and probably arise from the 
limited extent of the regions of glide. The curvatures may be 
the result of an attempt to overcome the local non-correspondence 
of neighbouring atom rows, in fact to accommodate the lattice 
dislocations which are of primary importance in G. I. Taylor’s [14] 
theory, to which reference will be made almost immediately. 
Amongst the many results which Burgers has obtained is the de¬ 
pendence of shear hardening on the total shear alone, irrespective 
of its occurrence on one or more sets of planes, an observation 
which he interprets as arising from the equality of hardening effect 
of a large number of weak and a small number of strong curvatures. 
Becrystallisation power also he finds to be closely associated with 
these local curvatures. 

Taylor’s theory joins company with those which endow the 
perfect crystal with ability to withstand large stresses and which 
attribute the observed weakness to a concentration of stress due 
to internal faults. Dealing only with cubic structures, Taylor 
visualises each fault as arising from the deficiency of one atom. 
Each deficiency creates a dislocation which is healed progressively 
in successive rows, and according to the direction in which the 
healing is effected, the dislocations are termed positive or negative. 
They move in opposite directions along lines of atoms under the 
action of a shear, and both produce exactly the same result, leaving 
in their wake a shpped but undistorted crystal. He finds that 
unlike dislocations attract, but like repel; so that although an 
isolated dislocation is mobile imder the smallest shear stress, the 
presence of both types at once introduces a minimum stress below 
which plastic distortion or slipping cannot proceed. Furthermore, 
although the dislocations are distributed at random initially, 
mutual interaction would tend to produce a pseudo-regular lattice 
distribution and lead to a finite crystalline shear strength. The 
mathematical theory involves a distance which can be interpreted 
as the average path which a dislocation can travel freely under a 
very low stress before being stopped at one of the internal surface 
barriers which form an essential part of the theory. The average 
separation of these barriers, which form a mosaic pattern, is about 
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one to five microns, depending upon the material; that is just slightly 
larger than the mosaic unit which so many experiments almostdemand. 

Straumaris, for example, has shown how crystals of cadmium 
can grow as short hexagonal pyramids in which a unit of layer 
thickness of 0 8 /i appears to exist; whilst for lead, Andrade and 
Boscoe found the most probable separation of slip planes to be 4-2 {i. 
Pearlite lamellae in steel, such as arc shown in the fine micro¬ 
photograph by Wrighton [16], display a spacing of 016 /i. Many 
etch figures offer strong support for units of about the same siae, 
e.g. Goetz [16J has shown how the cleavage plane of bismuth possesses 
a reticular triangular marking of which all the lines can be fitted 
to a triangular network of size 1-4 ft. Careful observation of the 
progress of etching bismuth shows that the small pits grow more 
or less circularly, until the sides of a unit triangle are reached ; 
these seem to offer resistance, for the curved figure grows only in 
those parts away from the triangular edges until the whole triangle 
is completely etched. Even the process of grinding rooksalt crystals 
offers strong support to a texture of small cubes of about one micron 
linear dimension. The material dislodged is always in the form 
of small cubes even when ground from an octahedral face, whilst 
the relative amounts of work necessary to gnnd from cr 3 rstal faces 
is also consistent with this texture. The process of solution has 
been shown by Traube, Klein and Behren to occur, in some cases, 
by the breaking of a crystal mto an immense number of particles 
of ultramicroBcopic sue, whilst lastly, many experiments have been 
devised to prove that small ordered crystal units exist in the melt 
well above the ordinary melting point. The continued existence 
of such units is invoked to explain the pronounced dependence of 
the possibilities of super cooling and of the texture and orientation of 
subsequent crystal growth upon the maximum temperature attained. 

Taylor’s theory requires the strain to occur within these mosaic 
blocks and is not concerned with the actual nature of the stress 
barriers, which may be pores, superstructures or interlineage 
dendritic boundaries as suggested by M. J. Buerger [17J. By 
supposing that the stress boundetries are able to transmit dislocations 
to a limited extent dependent upon temperatime, Taylor is able 
to give a reasonable explanation of the observed dependence of 
plasticity upon temperature. He has applied the .theory not only 
to metals but also with equal success to rooksalt; however, even 
he himself would not expect this to be the last word, rather the 
reverse; it is the first theory which has enabled calculations to be 
made in this extremely difficult and complex field. The theory 
possesses the great advantage of being capable of expression in 
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exact terms. This enables the problem to be treated mathematio^y 
and yields results agreeing closely with experimental observations. 

In attempting to test the various theories mentioned, a great 
amount of work and ingenuity has been brought to bear upon 
the problems; they are so interconnected as to defy orderly pre¬ 
sentation. It is quite obvious that current ideas of the solid state 
are not fully crystallised, at least with any ordered certainty, and 
in summarising too much importance may be given to one or other 
idea. It does seem that “ filling space ” is not quite as easy as 
might appear, for if the atoms are built into a perfect array, the 
edifice may begin to collapse under almost a glance, although to 
carry on the destruction requires greater and greater efibrt. It is 
fascinating to speculate upon what would be the strength of a 
reMy perfect crystal, as improved purity and greater precautions 
generally have reduced the limit of shear stress at which visible 
deformation begins, to a curiously consistent value of about 10 gm. 
wt./mm.* for several metals. Is the absolutely perfect lattice really 
very strong or is it so weak that its rarity arises from its inability 
to support its own weight ? Sometimes the view is expressed that 
the frequency of occurrence of the mosaic structure results from 
the distortions created by temperature gradients and changes 
associated with the process of solidification. 

It is obviously impossible definitely to specify yet the cause 
of structural mosaicness, and it is not at all certain that any gain 
of mechanical strength would result from its removal, were that 
possible. The immediate cause of the weakness of materials is 
reasonably explicable, but it remains for someone to find a means 
of preventing neighbouring planes of atoms parting company except 
as a concerted action. 

In conclusion, this short account will have served its purpose 
if it gives to the reader some idea of the problems still ahead and 
of the fascination of trying to solve them. 
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RECENT ADVANCES IN SCIENCE 

ASTRONOMY. By R. W. WEiaucy, F^R.S.E., Royal Observatory, 

Edinbiirgh. 

Thk Size of the Galaxy — Estimates of the size of the galaxy 
are necessarily dependent on the amount of light absorption caused 
by the obscuring clouds of matter which undoubtedly exist near 
its central plane. In the Publications of the Washburn Observatory, 
XV, Part 6, Joel Stebbins and C. M. HufFer deduce the amount of 
space reddening in the galaxy from observations of the colours of 
733 B-type stars, measured with a photo-electric cell fitted with 
blue and yellow filters, giving effective sensitivities at about 4260 A, 
and 4770 A. respectively. The normal colours of B stars were taken 
from the means of such stars brighter than visual magnitude 6 0 
and more than 16° from the galactic equator, and from 110 standard 
stars of classes A to M, all giants, and with galactic latitudes greater 
than 10°. The observed colour excesses of the B stars, when 
charted in galactic co-ordinates, demonstrate the existence of a 
thin layer of dark see ttering material near the median plane of the 
galaxy. This layer seems to be irregularly distributed, for there 
are a number of regions where the reddening effect is exceptionally 
strong, but, taken on the whole, there is a conspicuous variation of 
space reddening with galactic longitude, the coefficient increasing 
with angular distance from the anti-centre. The galaxy appears 
to resemble a spiral nebula with a clear space or lane inclined about 
40° to a radius from the centre. In the view of Stebbins and 
Huffer the general region near the galactic centre is opaque to the 
light of objects which lie beyond the nucleus. In Shapley’s general 
system of globular clusters the positions in space of a number of 
members are nearly in line with, but far beyond the centre of the 
galaxy, but the authors of this paper consider that in this direction 
the light of all such objects is blotted out altogether, and that the 
fainter globular clusters actually observed there are really between 
us and the centre. Certainly the reddest B stars are in the zone 
of avoidance of the clusters, and it is probable that still greater 
reddening would be found if the investigation were extended to 
still fainter B stars close to the galactic centre. It might naturally 
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have been expected that the material which causes the reddening 
would be connected with the calcium clouds which, by measurement 
of the spectra of early B stars, have been shown to partake in the 
rotation of the galaxy. However, Stebbins and Huffer find no 
correlation between the colour excesses and the intensities of the 
interstellar calcium lines in the spectra of the B stars, and there 
is evidently no such thin layer of the calcium cloud as there is of 
the reddening material.' Whether this latter is composed of dust 
particles or of gas molecules cannot yet bo decided. It seems 
certain, however, that hitherto accepted distances of objects near 
the galactic plane, especially in the direction of the galactic centre, 
must be greatly reduced. According to the maximum value foimd 
for the absorption the distances must be divided by 2 6, but the 
necessary correction varies considerably in different galactic longi¬ 
tudes. 

Further information concerning this stratum of absorbing 
material has been obtained by E. Hubble from an investigation 
into the distribution of extra-galactic nebulae {Contributions of 
Mount Wilson Observatory, No. 485). Counts were made of about 
44,000 nebulae on 1,283 plates taken with the 100-inch and 60-inch 
reflectors, distributed over the three-quarters of the sky north of 
Dec. -30°. He finds a zone of avoidance along the galactic plane, 
irregular in its boundaries, and bordered by a region of partial 
obscuration, which gradually fades away into the areas of normal 
distribution. Obscuration is conspicuously greater towards the 
galactic centre than in the opposite direction. It thus appears that 
the evidence from B stars, from clusters, and from the extra galactic 
nebulse all agree in establishing the presence of this absorbing 
material near the galactic plane. It is probable that it is similar 
in form to the dark lanes so often observed in other galaxies which 
we view in an edge-on position. Current estimates of the size of 
our galaxy have made it much laiger than the similar systems by 
which it is surrounded, but, when the effect of the absorption due 
to the dark material is properly allowed for, this discrepancy will 
largely disappear, and our galaxy wiD approximate in size as well 
as in structure to the vast numbers of others which constitute the 
visible universe. 

In an address entitled “ Between the Stars {Publ. Ast. 8oc. of 
the Pacific, 271), J. A. Anderson considers that meteoric matter in 
a rather fine state of division is responsible for the obscuration. 
Assuming that the particles are spherical, opaque, and sensibly 
non-refiecting, he calculates that the total quantity of matter of 
this kind in our galaxy necessary to produce an absorption of one 
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magnitude for light travelling normal to the galactic plane is about 
equal to 10* solar masses. The number of stars in our galaxy is 
estimated as between 10^® and 10^^, the unoccupied space being at 
least 10** times as great as the combined volume of all the stars. 
This space contains, in addition to the obscuring material, a very 
tenuous gaseous medium consisting of atoms of neutral sodium and 
of ionised calcium, which show themselves in the spectra of certain 
stars by lines which cannot originate in the atmosphere of the star 
itself, but must be produced in the intervening space. According 
to Eddington, conditions in space are such that for every neutral 
sodium atom there must be 100,000 ionised atoms, and Anderson 
considers it probable that atoms of other elements are also present, 
more or less in the same relative abundance as they are found in 
stellar atmospheres. This interstellar gaseous medium is strongly 
concentrated towards the galactic plane, and Anderson estimates 
its total mass as approximately equal to that of the whole of the 
stars in the galaxy. It cannot, however, be responsible for the 
obscuration and reddening, for the quantity of material of this 
kind which would be required would be so great as to be ruled out 
by d 3 mamical considerations. 

The distribution of interstellar scattering matter as shown by 
colours of early type stars is the subject of a paper by Samuel L. 
Thorndike {lAck Observatory BuUetin, 461). On the assumption 
that stars of the same spectral type emit light initially of the same 
colour, any abnormal “edness would indicate the presence of scatter¬ 
ing matter in space. The photographs were taken with the Crossley 
reflector, fitted with a slitless spectroscope with two quartz prisms, 
and each plate contained spectra of comparison stars for purposes 
of calibration. The plates were measured with a micro-photometer, 
and the colour of each star was computed from the relative intensi¬ 
ties of its light at certain points in its spectrum. The colours wore 
plotted against apparent visual magnitude, against galactic latitude, 
against distance from the plane of the local system, and against 
the richness of the stellar field. The results indicate that the 
difierenoes observed in the colours are due to intrinsic dissimilarities 
in the stars as well as to the effects of interstellar scattering matter. 
The latter appears to be by no means in the form of a continuous 
stratum along the galactic plane, the obscuring masses being dis¬ 
tributed in a haphazard manner but confined to the neighbourhood 
of that plane. The redness of the stars shows no correlation with 
distance from the plane of the local cluster, and the inference is 
drawn that the irregular clouds of scattering material are connected 
with the galaxy as a whole and not with our local system. As only 
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stars of apparent magnitude brighter than 10 were included in the 
investigation the conclusions are restricted to a region within about 
2,000 parsecs of the sun, which represents only a small fraction of 
the space occupied by the galaxy as a whole. 

There is fortunately a further way of determming the dimensions 
of the galactic system which is entirely independent of estimates 
of Cepheid luminosity or of space absorption. This is provided by 
the theory of galactic rotation developed by Lindblad and Oort, the 
distance to the gravitational centre being obtained dynamically 
from the constants of the rotation. According to Oort the stars 
have a systematic radial motion of the form rA sin 2 (1 — h) and a 
transverse motion of the form rA cos 2 {I ~l„) r 'B, where h is 
the longitude of the galactic centre, V is the orbital velocity, and 
B = A — V/r. To determine our distance from the galactic centre 
the constants A and B together with the value of V in the neigh¬ 
bourhood of the sun are required. In Monthly Notices, R.A,8., 
94, No. 8, J. S. Plaskett and J. A. Pearce give results obtained 
from a study of stars of spectral classes O to B7, which include the 
most luminous stars in the sky and therefore the most distant that 
can be adequately spectroscopically observed. The radial veloci¬ 
ties, mostly obtained at Victoria, B.C., in the last ten years, number 
849, and 881 proper motions of stars of the same classes have been 
utilised in the investigation. The radial velocities were corrected 
for a large peculiar motion in the Scorpio Centaurus group, and 
values were then obtained for the solar motion, the K term, and 
the galactic rotation. The mean value of h, the longitude of the 
galactic centre, has been adopted as 324°. To obtain the constant 
A it is necessary to know the mean distances of the various groups 
of stars. These were derived from the proper motions after all 
known systematic movements such as Raymond’s correction, the 
solar motion and stream motion had been removed. The constant 
B was then obtained from the proper motion components in galactic 
longitude, while Stromberg’s value of 276 km. per sec. was adopted 
for the orbital velocity in the neighbourhood of the sun. The 
distance to the galactic centre was found to be 10,000 parsecs and 
the diameter of the galaxy to be 30,000 parsecs, with a period at 
the distance of the sun of 2 24 x 10* years. The total mass of the 
system is estimated as 16 6 x 10^® times that of the sun. On the 
assumption that the galaxy contains 10^^ stars with average mass 
equal to that of the sun, interstellar material must be responsible 
for the very considerable balance. 

Thus the dynamical and luminosity methods agree in fixing the 
distance to the galactic centre as 10,000 parsecs, this being the value 
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to which Shapley’e latest estimate of 16,000 parsecs is reduced by 
Stebbins’ allowance for the elimination of the effect of space absorp¬ 
tion. The value of 30,000 parsecs for the diameter of the galaxy 
can therefore be accepted with more confidence, especially as the 
disparity in size between it and the diameter of the Andromeda 
Nebula, the largest known external system, has now almost disap¬ 
peared. In Hubble’s opinion certain nebulous objects photographed 
in the neighbourhood of the Andromeda Nebula are globular clusters, 
similar to the clusters near our own galaxy, forming part of the 
system and increasing its total diameter to 30,000 parsecs. A 
similar result has been reached by Stebbins from measures of sky 
luminosity near the Andromeda Nebula with his photo-electric 
photometer {Proc. Nat. Acxid. Sci., 20, 93). Our galaxy appears to 
be a spiral similar in general structure and dimensiotis to the Andro¬ 
meda Nebula. In Plaskett’s words, “ There is no necessity for 
considering the galaxy as a complex aggregation of small nebulee, 
and our inherent belief in the homogeneity of the Cosmos is now well 
supported observationally.” 

It has been found at Harvard and elsewhere that a modem 
microdensitometer can make a photographic register of the outer¬ 
most extensions of nebulae well beyond the point at which they 
cease to be detected by the eye, and therefore the measiu^ of 
practically all galaxies made hitherto by visual examination of 
photographic plates are too small. In the Bulletin of Harvard 
College Observatory, 895, Harlow Shapley has four notes on the 
diameters of galaxies as determined by microphotometer analysis. 
The notes are interim reports of investigations whose full results 
will be published later in more detail. The angular diameter of 
the Andromeda Nebula has been measured on long exposure plates 
taken with the Harvard patrol cameras, and the lengths of the 
major and minor axes were found to bo 270' and 230' respectively. 
These dimensions are considerably larger than have been detected 
on the reflector plates, the extension being due in Shapley’s opinion 
to the small focal ratio, the length of the exposures, the flatness 
of the field, and the small scale which help in satisfactory micro- 
photometric analysis. Using Hubble’s revised estimate of the dis¬ 
tance of the nebula, 247 kilopaisecs, the Unear dimensions of the 
axes become 194 and 16 4 kiloparsoos. Certain outlying clusters 
must now be regarded as definitely within the bounds of the major 
system, whose shape tends much more towards sphericity. By 
analogy, Shapley considers that the Magellanic Clouds, the nearest 
to us of the external galaxies, reaUy Ue within the thinly populated 
margins of our own system and belong to it. 
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While the Andromeda Nebula appears to be a spiral with satellites 
rather than a multiple of equally ranked galaxies, an example of 
a double galaxy is found in Messier 60 (N.G.C. 4649), in the Virgo 
group. Here we have an 11th magnitude spheroidal system with 
a 12th magnitude spiral companion, the nucleus of the latter being 
well within the radius of the former, and vice versa. On ordinary 
photographs they appear quite separated, their edges being divided 
by a space nearly equal to their radii, but from a microphotometer 
tracing it becomes plain that the two are really nuclei of a multiple 
system whose diameter exceeds 9,000 parsecs. 

In Monthly Notices, R.A.8., 94, No. 3, J. H. Reynolds, in a paper 
on “ The Spatial Distribution of the Extra-galactic Nebulae within 
a Radius of 4,000 kiloparsecs,” concludes that the dimensions of 
spiral nebulae are on an average more than twice those of spheroidal 
systems, the latter being more comparable in size to the nuclei of 
the spirals than to the spirals themselves. Shapley has found that 
with the application of the microphotometer to long exposure plates 
this difference in size tends to disappear. In an examination of 
86 objects, all members of the Virgo cluster and therefore presum¬ 
ably with their linear diameters correctly indicated by their angular 
ones, the mean diameter of 66 spiral nebulse was found to be only 
123 times the mean diameter of 30 spheroidal ones. He considers 
it probable that if cameras of the most appropriate focal length 
and aperture ratio are employed the difference in size between the 
two types of system will disappear altogether. 

Among other interesting results reached by Plaskett and Pearce 
from their study of B-type stars referred to above is a new deter¬ 
mination of the solar motion. The velocity is found to be 19 09 km, 
per sec. towards a point L — 21°-4, B = -f 20° (galactic co-ordin¬ 
ates), and both velocity and apex agree closely with the values 
obtained from the stars in general. The K term, an excess of posi¬ 
tive radial velocities always found in B-type stars, has hitherto 
been a puzzling phenomenon, for it seemed as if this group of stars 
were expanding with respect to the sun. Plaskett and Pearce have 
found that for northern stars this term is much reduced by allowing 
for galactic rotation, while for southern stars a reduction is obtained 
by removing a systematic outward trend identified with the radial 
component of the southern stream first investigated by Kapteyn. 
When these corrections are applied the K term is reduced from its 
earlier value of -f 6 km. per sec. to only -f !•! km. per sec. This 
smaller value can be satisfactorily accounted for by the Einstein 
gravitational displacement of the spectral lines towards the red, as 
computed for average values of the masses and densities of the 
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B-t}qpe stars, while for O-tjrpe the red shift reaches the value of 
+ 2-62 km. per sec. Thus Campbell’s famous K term has at last 
received a satisfactory explanation. 

PHYSICS. By L. F. Batbs, D.Sc., Ph.D., F.Inst.P., University College, 
London. 

Nuclbab Spin. —It is well known that certain hyperfine structures 
of spectral lines arise from a spin of the nucleus of the atom by 
which they are emitted, but the measurement and interpretation 
of such structures is by no means simple and often lead to no unique 
value for the magnitude of the nuclear spin. For example, Kopfer- 
mann {Zett. filr Phys., 73, 437, 1932) measured the intervals of the 
hyperfine structure of some spectral lines of Call, and deduced 
that a nuclear spin of 7/2.h/27t units was the most probable value 
for caesium, but he was unable to rule out the possibility that 8/2 
or Q/2.h/2n units might be correct. Spectra intensity measure¬ 
ments are often equally indecisive. Consequently, apart from the 
interest normally attached to a direct determination of any physical 
quantity, the direct measurement of the nuclear spins of sodium 
and ccesium by Babi and his collaborators warrants description 
here. 

The measurement in the case of sodium (Phys. Rev., 46, 707, 
1934) depends upon the effect of the nuclear spin on the spatial 
quantisation of the extranuclear electron configuration in a magnetic 
field. It is well established by experiments of the Gerlach and 
Stem type that neutral atoms set with their magnetic axes at 
definite angles with respect to the lines of force of a magnetic 
field. Thus, for an alkali atom with a nuclear spin i, 2(2i -|- 1) 
positions are possible, or a beam of such atoms could be split into 
two groups, each with 2i + 1 components If sodium possessed 
no nuclear spin, there would, of course, be just two simple groups 
of atoms imder these conditions. 

Now, if a narrow beam of sodium atoms is passed through a 
pair of fine slits, Si and S„ it may first be spread out into a velocity 
spectrum by a suitable non-homogeneous magnetic field. A, such 
as that us^ by Qerlaoh and Stem, provided that the field is 
sufficiently intense to cause decoupling of the nuclear and electron 
spins, i.e. to cause them to orientate independently of each other, 
thus ensuring that the force upon each atom of the same velocity 
is the same. Of course, the force may cause the atom to move 
either parallel or antiparallel to the direction of the lines of force, 
so that the atoms are divided into two groups, one of which may 
be allowed to pass through another slit, S|. These may now be 
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exposed to the action of a relatively weak non-uniform field in 
which decoupling will not now occur, and each atom will experience 
a force whose magnitude will be different for each of the 2t -f 1 
magnetic levels. Consequently, the beam falling upon a receiver 
will now consist of a pattern containing 2i + 1 peal^. 

In making such an experiment it was essential that all the 
apparatus should be thoroughly evacuated. The sodium was evapor¬ 
ated inside a nickel furnace, S, was attached to the furnace and St 
was mounted 10 cm. from Si and accurately parallel to it, so 
that the beam was parallel to the edges of the “ wedge and trough ” 
pole pieces used to produce the necessary non-uniform field of 
about 200 gauss or oersteds. Between S, and S, the atoms suc¬ 
cessively passed through a weak non-uniform magnetic field, B, 
formed between pole-pieces 18 cm. long, a field free gap of 1-6 cm., 
and a stronger non-uniform, focusing, field, between pole-pieces 
16 cm. long. The troughs of the pole-pieces for the B and C fields 
were on the opposite side of the beam to the trough of A, in order 
to produce a narrowing of the several components of the final 
beam, and the stronger field C served to remove any atoms so 
scattered in the furnace that they had not pursued a normal route 
through the slits. 

Detection was effected by the method of Taylor {Zeit. fUr Phya., 
57, 242, 1929). A stretched tungsten filament, partially oxidised, 
received the sodium atoms, and, accordingly, became a source of 
sodium ions when heated. The positive ion emission was measured 
by a suitable amplifier, a sudden heating of the filament causing 
a rapid emission of the sodium ions and a ballistic deflection of 
the galvanometer in the amplifier circuit. In this way four weU- 
defined peaks were registered with sodium as the filament was 
moved across the final beam ; t.e. i ~ 3/2, or the nuclear spin is 
\.h/27i units. 

In the case of caesium the above apparatus was modified and a 
new method of examination of the final beam adopted by Cohen 
{Phya. Rev., 46, 713, 1934). The complete expression for the force 
acting on a caesium atom in a non-uniform magnetic field in which 
there is strong interaction between the nuclear and electron spins 
and between each of these and the field,—».c. the state of affairs 
we postulate when considering the anomalous Zeeman effect,—shows 
us that the force vanishes for certain values of the field, because 
the magnetic moment of the atom, as a whole, vanishes. Conse¬ 
quently, if a beam of atoms passes through a long, relatively weak, 
non-uniform magnetic field, the central beam will show marked 
variations in intensity for certain values of the field. In fact, if 
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the intensity of this beam is plotted as a function of the field strength, 
▼ariations should be found, the high valiies or peaks corresponding 
to the vanishing of the force on a particular set of atoms. Now, 
the number and relative position of these peaks is uniquely fixed 
by the value of the nuclear spin. Actually, in the case of ctesium, 
three equally spaced peaks should be observed if i is equal to 
l/2.h/2n units. The value of the field at any one of the peaks 
should also be sufficient to fix the value of i uniquely. 

The apparatus used by Cohen was that described above, except 
that Si was rather wider, S, rather narrower, and Sa was now a 
collimator slit, 0*019 mm. wide, and the deflecting field was pro¬ 
duced by the field B alone. Detection and measurement of the 
beam was made by the tungsten wire method described above. 
Exact knowledge of the value of the field was considered unneces¬ 
sary, for only the proportional rate of change of the field with the 
magnetising current was required, and this was found by search 
coil measurements. In this way the existence of three equally 
spaced peaks was proved, corresponding to t = l/2.h/2n units, 
t.e. to a hyperfine structure separation of 0 295 ± 0 01 cm~*. 

Another important direct measurement, that of the magnetic 
moment of the proton, by Rabi, Kellogg and Zaoharias {Phys. 
Bev., 46 , 137, 1934), can be only briefly discussed here. They 
passed a beam of neutral H atoms from a Wood discharge tube 
through a weak non-uniform magnetic field. The latter was pro¬ 
duced in rather an original manner, by passing an electric current 
through two long, horizontal and parallel straight wires joined in 
series; the beam of atoms travelled above and parallel to these 
wires. The coupling was weak and the composite beam received 
upon a plate coated with yellow oxide of molybdenum soot pro¬ 
duced a blue coloured pattern. This consisted of two close com¬ 
ponents displaced some distance from the position of the direct 
beam. The separation of the inner edges of these traces and their 
widths were found, and from these measurements the value of 
the magnetic moment of the proton was calculated. The theoretical 
basis of this calculation cannot be dealt with here. The value 
found for the magnetic moment of the proton was 3*25 ± 0*3 
nuclear units, one nuclear unit being the Bohr magneton divided 
by the mass of a proton—a imit chosen for convenience in view of 
the smallness of nuclear magnetic moments. The value found by 
Estermann and Stem (Zeit.fUr Phya., 85 , 17,1933) was 2-5 d: -3 unite. 

In like manner the American authors measured the magnetic 
moment of the deuton, and found a value of 0*77 0-2 units. 

They point out that they cannot, of course, determine the sign 
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of a nuclear moment; consequently, the proton and deuton 
moments may both be positive or negative with respect to the 
angular momentum of the nucleus. Hence, if a deuton consists 
of a proton plus a neutron, then the magnetic moment of the latter 
could be either ± 2-6 or ± 4 0 units from these results. 

The theoretical aspects of nuclear magnetic moments and their 
origin are discussed in an informative paper by Land^ (Phya. Rev., 
46, 477, 1934), who takes as the main basic idea, the view that 
one particle only, i.e. one proton or one neutron, is responsible for 
the total spin and for the magnetic properties of the whole nucleus. 
The remaining particles in the nucleus are assumed to form closed 
shells. Hence the observed vector i is made up of the orbital I 
and spin a of one particle alone, and since a is known to be 1/2 
for the proton and for the neutron, I can only be t ± 1 /2. A sub¬ 
sidiary assumption that two neutrons may be so aligned in a nucleus 
that their spins become additive, « = 1 instead of 0, is also made. 
On these lines Land6 examines the results of hyperfine structure 
measurements and deduces that the proton and neutron should 
possess magnetic moments of approximately 2 and — 0-6 units, 
respectively. The American direct measurements do not appear 
to support these deductions, as far as can be seen at present. 

Rkcbnt Thebmal Measubbmbnts. —Two sets of recent high 
temperature measurements are worthy of special comment. The 
first, by Ezer Griffiths and G. G. Sherratt {Proc. Roy. 5oc. A.,147, 
292, 1934) is a determination of the specific heat of a gas by the 
sound velocity method, which is shown to be adapted for measure¬ 
ments with carbon monoxide up to temperatures of the order of 
2000° C. The main requirements are the production of sound 
waves of two accurately known frequencies and the precise measure¬ 
ment of temperature. 

The source of sound was a rectangular block of quartz crystal 
which could be set into longitudinal or transverse piezo-eleotrio 
oscillations; i.e. two fixed frequencies were obtainable from the 
same crystal, so that certain sound dispersion phenomena could be 
studied. Stationary waves were accordingly produced in the gas 
inside an electrically heated carbon tube, alMut 3 ft. long, by placing 
the crystal near one end of the tube and adjusting the effective 
length of the tube by a graphite rod and piston, whose position 
was recorded on a steel scale. Resonance positions of the piston 
were detected by changes in the plate current of the (aystal oscil¬ 
lator circuit. Corrections were, of course, applied for the expan¬ 
sion of the graphite rod, whose coefficient was found by a special 
experiment, of which details are given in the paper. 
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The temperature of the gas was determined by sighting a 
" disappearing filament ” pyrometer, by means of a reflecting prism, 
upon the inner surface of the graphite piston. The carbon tube 
was surrounded by radiation shields, and enclosed within a large 
iron cylinder whose sides and insulating ends were water cooled. 
The purity of the gas was checked by measurements in a subsidiary 
tube at room temperature. The velocity of sound in free space 
was calculated from the observations, using a formula appropriate 
to the case of a tube with rough sides. 

The apparent ratio of the two specific heats of carbon monoxide, 
as found in this work, appeared to be different for the two frequencies 
used. This difference, however, may be explained on a theory due 
to Kneser (Ann. der Phys., 11, 761, 1931), in which it is suggested 
that energy may not be transferred so readily from vibrational 
states of the molecule to other degrees of freedom as is postulated 
on classical mechanics; t.e. the gas is not in an equilibrium con¬ 
dition during the experiment, because part of the vibrational 
energy is unable to follow the acoustic changes, and therefore 
vanishes from the expression for the adiabatic elasticity. 

Kneser’s theory leads to a formula 

„ , _ C,* -f 4;mV*C„* 

’ a + w/?*c„ 

where Cp' is the apparent specific heat for the frequency n, C^, = 
6/2.R is the specific aeat of translation and rotation, is the 
true specific heat at constant volume, and (i is the time of relaxa¬ 
tion of the vibrational energy. Hence, at any given temperature 
the measurements of Griffiths and Sherratt gave two equations 
from which and ft may be found. The values thus obtained 
for C„ were in good agreement with those calculated from data on 
band spectra, and thus the long standing discrepancy between 
determinations by the spectroscopic and sound velocity methods 
disappears. 

The other set of high temperature measurements were of the 
freezing point of platinum on the International Temperature Scale, 
by F. H. Schofield (Proc. Rcy. Soc. A., 146, 792, 1934). This was 
done by measuring the ratio of brightness of the radiation of a 
certain wave-length from black body radiators maintained at the 
freezing points of platinum and gold respectively. The freezing 
point of gold is defined as 1063 0° C., and is the basic point of the 
International Scale for all high temperature measurements. For 
the measurement of the brightness ratio, an optical pyrometer of 
the disappearing filament type was tised in conjunction with a 
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Ckirning glass filter, and with a two stage rotatii^ sector arrai^- 
ment to deal with the 300 to 1 ratio of intensities. In the original 
paper is given an interesting description of the black body radiators, 
consisting of hollow enclosures of refractory materials immersed 
in ingots of platinum or gold, heated by electromagnetic induc> 
tion. Observations on five ingots of platinum and two of gold 
gave a mean value of 1773-3 ± 1° C. for the freezing point of 
platinum. This is in complete agreement with the determination 
by Roeser, Caldwell and Wensel {Bur. of Stand. Joum. of Jtes., 6, 
1121, 1931). 

We now turn to some interesting work on the thermal and 
electrical properties of metals. It is well known that the electrical 
resistivity (p) and the thermal resistivity (<u) of a pure metal are 
both increased by the addition of a foreign metal. Recent experi¬ 
ments by Gnineisen and Goens {Zeit. fUr Phys., 44, 616, 1927) 
showed that in many instances the change in electrical resistivity, 
Ap, was proportional to corresponding change in thermal resistivity, 
Ao). In other words, there existed an extension of the well-known 
Wiedemann-Franz-Lorentz law, which might be written 

where T is the absolute temperature and 1 /Z is measured by the 
slope of what is termed the isothermal hne, obtained by plotting m 
against p/T, or the values of to against p for constant T. The 
above statements mean that Norbury’s rule, viz. that the change 
in electrical resistance produced by addition of a foreign metal is 
the greater the wider the horizontal separation of the original and 
the added metals in the periodic system, holds also for change 
in thermal resistivity. 

Some interesting points were raised by Reddemann {Atm. 
der Phys., 20, 502, 1934), in a discussion of the published data 
on the alloys of copper, aluminium, gold, silver, platinum and 
palladium with other metals. For example, when the values of 
thermal resistivity of a series of alloys of different metals with 
copper are plotted against the corresponding values of the electrical 
resistivity for a chosen temperature, the points for nearly all the 
alloys lie on a straight line, the isothermal line, in spite of tiie 
variety of the alloys. Reddemann thus found that the slope 1/Z 
was practically independent of the added metal up to some limiting 
value of the electrical resistivity. 

Gnineisen and Reddemann {Ann. der Phys., 20, 843, 1984) 
subsequently measured the thermal conductivities of a number of 
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pore metals and their binary alloys at the fixed temperatures 
— 183, — 196 and — 261® C. They found that the isothermal 
line was obtained only when a certain degree of lattice distortion 
was not exceeded. The lower the temperature, the lower was the 
degree of such distortion above which departures from linearity 
were observed. In the case of a binary alloy consisting of mixed 
crystals the isothermal line was sometimes replaced by a curve 
in the form of a loop whose ends overlapped. 

Griineisen and Reddemann attempted to explain these results 
on the assumption that conduction is maintained both by conduc¬ 
tion electrons and by lattice vibrations, the isothermal line being 
due to electron conduction. The lattice conduction was held to 
obey certain rules deduced by Eucken and Kuhn from a study of 
the ooiiductivity of insulators. It was found that for high tem¬ 
peratures the experimental results could thus be satisfactorily 
explained. It appeared that lattice conduction was less affected 
by distortion than electron conduction. Consequently, if in a pure 
metal the lattice conduction were small compared with the electron 
conduction, then a normal isothermal line with constant Z was 
obtained, until with increase in lattice distortion the lattice con¬ 
duction became more and more effective, and the isothermal line 
bent towards the p/T axis. The region over which the isothermal 
line extends therefore depends upon the extent to which the ratio 
of lattice conduction to electron conduction is influenced by dis¬ 
tortion. If this ratio increases rapidly with distortion, as, for 
example, at low temperatures, then the isothermal line is obtained 
only in the case of a small degree of distortion. 


METEOROLOGY. By E. V. Newnbah, B.Sc., Meteorological Office, 
London. 

Onb of the most striking of meteorological phenomena is the thun¬ 
derstorm. It has in consequence been a subject for study and 
speculation at least as far back as the great Greek philosophers. 
Aristotle, for example, devoted considerable parts ofthe second and 
third books of his Meteorologica to the subject of thunder and 
lightning. It is a remarkable fact that even to-day the subject 
shows no signs of becoming exhausted in spite of important recent 
advances. These advances have been rendered practicable, as has 
been the case with so many physical investigations, by rapid im¬ 
provements in the manufacture of apparatus for experimental pur¬ 
poses, the technical developments of one section of industry having 
benefited other branches of industry not intimately connected with 
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them, pore experimental research benefiting in one way and 
another from all. 

The main charaoteristios of thunderstorms are so clearly defined 
that one might have expected that one or two simple discoveries 
oonoeming the manner of accumulation of the electricity, the die* 
charge of which results in the lightning flash and in the subsequent 
thunderclap, would have explained practically everything that 
there is to explain. That, however, is far from being the case. In 
an interesting paper entitled “ The Branching of Lightning and 
the Polarity of Thunderclouds,” J. C. Jensen of Nebraska Wesleyan 
University [1] draws attention to the surprising fact that there are 
at least two schools of opinion as to the manner of accumulation 
of the electric charge, one school following G. C. Simpson [2] and 
the other school Elster and Geitel [3]. As Jensen’s paper includes 
a survey of a good deal of recent work on this subject, in particular 
most of the advances made in it in the last twenty-five years, a 
brief summary of it will be given. 

Simpson’s main tenets, which were advanced in 1909, are firstly 
that the separation of the two electricities is brought about in a 
thunderstorm by a process that has been demonstrated in laboratory 
experiments, viz. that when drops of water are broken up in the air 
the drops acquire a positive charge and the air a negative one; 
that very large drops of rain are formed in the vigorous convexion 
that is an invariable accompaniment of thunderstorms, and that 
such drops break up automatically into smaller drops when their 
rate of fall attains to 8 metres per second ; and lastly that vertical 
wmd currents of that magnitude are developed in the most active 
part of a thundercloud, with the result that a great accumulation 
of positively charged drops is to be found in that region. Simpson 
sketched the stream lines for a thunderstorm of the “ heat ” type, 
with which he was mainly concerned in his observational studies 
and experiments in Simla, and indicated roughly the distribution of 
the electric charges, and the types of discharge to be expected— 
discharges from the region of accumulation of positive electricity 
near the bottom of the cloud and not far from its forward edge both 
upwards into the negatively charged parts of the cloud and down¬ 
wards to the ground, and also from the ground to negatively charged 
parts of the cloud when the latter give a sufficiently intense field. 
Simpson’s theory has been widely accepted by meteorologists. His 
diagrammatic representations of a thundercloud have been repro¬ 
duced in many meteorological works, with the consequence that 
undue importance has sometimes been attached to the exact way 
in which the distribution of the charges is depicted, as though his 
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theory must be judged by the extent to which this ideal distribution 
is found in actual thunderstorms. It is desirable to emphasise 
therefore that it is the separation of the two electricities by the 
process described in a powerful up-curront that is the fundamental 
element in the theory. 

The process suggested by Elster and Oeitel whereby separation 
of electricities is brought about, to which reference has been made, 
is described as influence-machine action ; it requires that the 
larger drops have induced charges of opposite sign on their upper 
and lower surfaces and that the smaller droplets carry aloft charges 
obtained by contact with the lower hemispheres of the falling drops. 
Toepler is said to prefer this theory to Simpson’s “ breaking drop 
theory,” while another well-known worker on this subject—Watson- 
Watt—regards the influence-machine action as merely an auxihary 
to Simpson’s process. 

In regard to the identification of a discharge of positive elec¬ 
tricity to earth, Simpson at one time as a result of laboratory experi¬ 
ments held that branching of lightning was evidence of such a 
discharge. Jensen has, however, collected strong evidence in this 
paper [1] that Simpson’s criterion based on the brandling of the 
lightning is no longer strictly tenable. For example, in the high- 
tension laboratories of the General Electric Company branching 
streamers have been obtained issuing from both positive and nega¬ 
tive electrodes. On the other hand, there is evidence to show that 
a flash from a seat cf positive charge results in many more finely 
branching streamers than one from a negatively charged cloud. 
Jensen’s photographs of lightning flashes fllustrate this point, and 
show also examples of the more limited branching in negative dis¬ 
charges. 

Detailed investigations of electrical phenomena accompanying 
individual thunderstorms in Simla that were made by Simpson, 
which included meeusurements of the charge carried by the rain in 
different parts of the storm, have stimulated others to make more 
or less similar investigations in other parts of the world. In India 
S. K. Banerji in two recent papers, [4] and [6], has given more 
complete meteorological and electrical data for thunderstorms than 
any previously published. Self-recording meteorological instru¬ 
ments were used, and records of electrical potential gradient and 
of the sudden field changes associated with lightning flashes were 
obtained when studying 41 storms near Bombay. These storms 
ooourred under circumstances differing in some important respects 
from those accompanying Himalayan storms such as those studied 
by Simpson at Simla; for example the Bombay thunder clouds had 
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a greater eiltitude above the ground and lightning was seldom seen 
to pass from cloud to ground. The distribution of electricity in 
thunderstorms of the “ heat ” type, as well as those of the line- 
squall type, differed somewhat from that suggested by Simpson, in 
that a powerful concentration of negative electricity is in each case 
assumed by Banerji to be present in the extreme front of the thunder 
cloud. Single and double storms were observed, the double storms 
having electrical phenomena generally similar to those that would 
be produced by two single storms following one another in quick 
succession. In the typical single storm the potential gradient from 
the ground towards the cloud was first strongly negative, but 
became strongly positive as the active part of the cloud came over¬ 
head ; subsequently it became negative again. 

C. T. R. Wilson, [6J and [7], is another worker in the same field 
who has made many measurements of potential gradient under 
thunder clouds, and has concluded that they are bipolar; but he 
finds that the lower pole is negative, and obtains theoretical support 
for his results m a consideration of the ionisation of the atmosphere. 

Schonland and Craib [8] worked in South Africa on similar lines 
to Wilson and also found in nearly every case that the thunder 
cloud was bipolar, with the negative pole nearest to the ground, 
and Schonland, [9] and [10], extended the work with similar results. 
In [10], moreover, he measured the current escaping from an in¬ 
sulated bush to an overhead thimder cloud and found on an average 
a current of slightly more than two amperes, with a direction such 
that negative electricity passed from the cloud to earth. Schonland 
and Craib found that the change in potential gradient accompanying 
a flash of lightning changes its sign at a certain height depending 
on the heights of the poles of the cloud—generally at a height 
between 6 and 8 km. at Cape Town. 

It may be noted that, with polarity of the kind implied by 
Simpson’s diagrams, a discharge from the most active part of the 
cloud to the ground would necessarily produce a negative change 
of field, while Schonland and Craib’s polarity would give a positive 
field change, as stated by Schonland in [9]. A similar conclusion 
from experimental data was reached by Simon [11] and Noto [12], 
supporting the field change implied by polarity with the negative 
pole nearest to the ground. Jensen quotes the results of a number 
of electrical engineers who have studied cases where power trans¬ 
mission lines ha\e been struck by lightning, and states that Peek 
[13] found that most lino surges showing very low voltages (induced) 
were positive, which would be the result of a negative pole in the 
cloud, while many of the very high voltages that must be attributed 
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to direct lightning strokes, were negative, and consequently also 
indicated negative polarity in the cloud base. Lewis and Foust 
[14] give a summary of the results obtained by other engineers as 
well as by themselves, and find that in a hundred cases where trans¬ 
mission Une towers have been struck, and records obtained, the 
tower-top was always negative with respect to the base, which 
again implies a negative discharge from the cloud to the earth. 
These results are confirmed by other studies of strokes to transmis¬ 
sion lines, c.flr. by Spom and Lloyd [16], SmelofF and Price [16] and 
Portescue [17], which seems to place them almost beyond dispute. 
It can be seen therefore that, just as in the question of the origin 
of the separation of the electrical charges in a thunder cloud, so in 
that of the distribution of the electricity within the cloud, there 
are two opposed schools of thought, both able to adduce much 
observational and theoretical backing for their views, and the many 
recent advances in the subject have not been in the direction of 
a simplification of our ideas. In the paper [1] on which this general 
survey is based the author goes on to give an account of some of 
his own studies of the electrical phenomena associated with thunder 
clouds, made at Lincoln, Nebraska, a region subject to violent 
thunderstorms of the iine-squall type with many flashes that reach 
the ground. A novel feature was the use of a battery of micro- 
barographs, which furnished much information about the dimensions 
and direction of travel of these storms. Confirmation was obtained 
of the frequent occurrence of the double type of storm noted by 
Banerji at Bombay. Among the many photographs of lightning 
were 77 showing downward branching from a negative cloud to 
the ground. Among more than seven thousand field changes due 
to lightning discharges the ratio of positive to negative field changes 
was found to be 1'71 to I, which may be compared with the ratio 
of 1-56 to 1 found by Wilson. The result is not, however, held to 
support Wilson’s scheme of polarity, but to be the consequence of 
there being a larger area of negative cloud than positive cloud in 
a horizontal cross section of the cloud. On the whole the results 
of this work support those of Banerji, especially in regard to the 
concentration of negative charge in the front of a thunder cloud. 
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BIOCHEMISTRY. By W. O. Kkrmack, M.A., D.Sc., F.R.8.E., Research 
Laboratory, Royal College of Physicians, Edmburgh. 

Synthesis of Vitamin. Bt—Possibly the most spectacular advance 
in biochemistry during the last six months has been the elucidation 
by Kuhn and Weygand (Ber., 1934, 64, 2084) of the structure of 
vitamin B, and the sjmthesis of a compoimd apparently identical 
in all respects with the natural product and possessing a vitamin 
B, activity when tested out biologically identical with that of the 
latter. As explained recently in this series of articles (SoiBNOB 
Pbogress, 1934, 29, 291) it was discovered-by Kuhn that vitamin 
B, was in all probability identical with the powerfully fluorescing 
yellow pigment present in minute amount in the whey of milk 
and therefore called lactoflavin. It is only two or three years 
since representatives of these flavin pigments were flrst isolated. 
Though widely distributed in nature they exist for the most 
part only in extremely minute concentration. For example 
Elarrer, Schopf, Benz and Pfachler (Ber., 1936, 65, 216), who 
have also been working intensively on this subject and who have 
reached conclusions substantially identical with those of Kuhn, 
state that they obtained 12 gm. of pigment from 110 tons of whey— 
that is, 1 gm. from about 10 tons or 10,000 litres. Whey is, in foot, 
the most readily available natural source. These pigments, too, 
are very unstable and cannot easily be obtained in a crystalline 
condition. They are destroyed by exposure to light. It is all the 
more remarkable therefore that within two or three years of the 
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first isolation it should have been found possible not only to 
ascertain the constitution but to work out a method for their com¬ 
plete synthesis in the laboratory. With this achievement coming 
so rapidly after the synthesis by Reichstein and by Haworth and 
Hirst of vitamin C (ascorbic acid), it becomes clear that the present 
time is witnessing a revolution in the field of biochemistry and 
especially in that domain which is concerned with those organic 
compounds which occur in nature in very small concentration but 
which at the same time are of the utmost importance for the pro¬ 
cesses upon which vital activity depends These substances include 
the vitamins, hormones and enzymes. 

It is not appropriate in this article on biochemistry to give a 
detailed account of the method worked out by Kuhn and his colla¬ 
borators (cf. Ber., 1934, 64, 1932 and 1939) for the synthesis of 
the flavin pigments. It will be sufficient to state that the synthesis 
proves conclusively that vitamin B, has the constitution represented 
in formffia I and that the synthesis itself of this fairly large molecule 
is effected in a remarkably small number of stages and in a series 
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of relatively simple reactions. There seems no reason why vitamin 
B( should not soon be on the market in practically unlimited amounts 
as is the case already with vitamins D and C. The B 5 mthetic pro¬ 
duct was tested for its vitamin B, activity by administering it to 
young rats placed on a diet deficient in this vitamin. It had previ¬ 
ously been shown by Kuhn that with a suitably chosen vitamin B| 
deficient diet the growth of young rats is retarded, but that the 
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addition of very small quantities of the pure natural laotoflavin is 
sufficient to produce a marked increase of growth. The first experi¬ 
ments he carried out on those lines using the natural product were 
in fact negative but it was discovered that the addition to the diet 
of an unknown factor vitamin B 4 , though not in itself capable of 
producing growth, was sufficient to make the animals respond quite 
unambiguously to the presence of laotoflavin. It was clear that 
two factors were concerned, namely vitamin B 4 , still unknown, and 
vitamin B„ that is, laotoflavin. The 83 mthetic compound when 
administered in doses of 16y per rat per day produced a response 
tmdistinguishable from that produced by the natmal laotoflavin, 
when given in equal amounts. The synthetic compound, it may be 
mentioned, was given in the form of its crystalline tetraacetate 
which is presumably hydrolysed in the organism to the unacetylated 
compound. 

The synthetic method devised by Kuhn is a very flexible one, 
and so the way is opened up for the preparation of compounds differ¬ 
ing only in minor respects from the active compound mentioned 
alrave. It will be seen that the compound consists of two main 
parts, the tso-alloxazine nucleus and the sugar-like side chain. 
The nucleus has also two methyl groups at positions 6 and 7. It 
is of considerable interest to find that these two apparently rather 
inactive methyl groups are essential for the biological activity of 
the compound. Kuhn and his collaborators have already syn¬ 
thesised and tested out a compound identical in all respects with 
the active one except that the two methyl groups were missing. 
It was found that this compound was apparently completely in¬ 
active. The effect of variations on the long side chain attached to 
the nitrogen atom will be awaited with interest. The exact con¬ 
stitution and, in particular, the stereochemical configuration of the 
side chain, depends on the sugar from which it is derived. In the 
synthetically prepared active compound the side chain is derived 
from l-arabinose. It appears that the nature of the oompoimd is 
such that by purely chemical methods it is difficult to reach a final 
conclusion on the question of absolute identity with natural laoto¬ 
flavin. It is quite possible that only this one out of the eight pos¬ 
sible stereoisomers will prove active, but a definite experimental 
decision on this i)oint should not be long delayed. It should be 
made clear that until this has been done the possibility always 
remains open that the naturally occurring laotoflavin is not a 
derivative of l-arabinose but of some other pentose. 

The action of light on laotoflavin is of considerable interest as 
it is this which to a large extent has contributed to the success of 
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the work which has just been described. In alkaline solution laoto- 
flavin when irradiated by ultra-violet light is converted into lumi- 
lactoflavin (II). It will be seen that practically all the long side 
chain has been split off leaving only a methyl group in its place. 
Lumilactoflavin in contrast to lactoflavin itself is relatively stable 
and can be crystallised and readily isolated. Further, by a lucky 
chance, it happens that in the conversion of lactoflavin into lumi- 
lactoflavin the former need not be purified or isolated, and that 
an almost quantitative yield of crystalline, but not completely 
homogenous (cf. Kuhn, Rudy and Wagner-Jauregg. Ber., 1933, 66, 
1960), material is obtained even with very crude extracts. The 
result is that this conversion into lumilactoflavin can be applied 
for analytical purposes. Further, the constitution of lumilacto¬ 
flavin presented a problem in no way as formidable as that of 
lactoflavin itself. Once however the structure of lumilactoflavin 
was elucidated and its 85 Tithesi 8 was successfully accomplished the 
way lay ojien for the application of the same synthetical methods 
for the preparation of synthetic lactoflavin itself 

Very recently a second synthesis of flavin compounds has been 
successfully accomplished by Karrer, Sohopf, Benz and Pfachler 
(loc. cit.) with results substantially in agreement with those of 
Kuhn. Though the final stage of the 83 Tithesi 8 by Karrer and his 
collaborators is practically the same as that by Kuhn, the methods 
employed for the preparation of the necessary intermediates are 
somewhat different and are said to give better yields. Karrer, like 
Kuhn, finds that the S 3 mthetic flavin derived from Z-arabinose is 
extremely similar in its chemical properties to the naturally occurring 
flavin; but both authors refrain from committing themselves to any 
final decision until they have prepared the other stereoisomers for 
comparison purposes. 

Meanwhile some extremely interesting results have been obtained 
by Theorell {Biochem. Zeit, 1934, 272, 166 : 275, 37, 344) bearing 
upon the relationship of the flavin pigments to the yellow respira¬ 
tory enzyme, “ atmungsfermont,” discovered some years ago by 
Warburg and Christian {Naturwisa., 1932, 20, 688; Biochem. 
Zeit., 1932, 254, 438) in yeast and now known to bo a common 
constituent of living cells. For some time it has been known that 
this yellow respiratory enzyme contained as an essential part of its 
structure a relatively simple, strongly fluorescing yellow pigment 
which could be separated from a protein constituent. The latter 
was probably the carrier of the active group, and as the yellow pig¬ 
ment showed very close similarities to lactoflavin it was strongly 
suspected that it was identical with the latter. Theorell has been 
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able to purify the enzyme by a prooess of electrooataphoresis and 
then, by dialyBis against HCl, succeeded in breaking up this purified 
enzyme into two component parts, protein and fluorescing pigment, 
in such a way that, though each fraction separately showed little or 
no enzymatic activity, the two could be recombined to reconstitute 
the enzyme. The protein portion was apparently specific as it 
could not be replaced by other proteins such as native globin. 
Furthermore it was found that if the fluorescing pigment, separated 
from the enzyme, was replaced by purified lactoflavin obtained 
from whey, recombination with the protein fraction of the enzyme 
could not be effected. This proved definitely that the pigment 
moiety of the yellow respiratory enzyme was not identical with 
lactoflavin. Theorell also made the important observation that 
the pigment obtained from the enzyme contained phosphorus which 
could be split off without difiiculty as phosphoric acid and that 
there was one molecule of phosphorus to each molecule of the pig¬ 
ment Subsequently methods were described for the isolation of 
the new phosphoric acid-containing pigment from the enzyme. It 
may be isolated either as the calcium salt or as the free acid. The 
pigment thus isolated is probably a phosphoric ester of lactoflavin, 
and it differs from the latter in that it can combine with the specific 
protein of the respiratory enzyme to produce the active enzyme. 
The point of attachment of the phosphoric acid is at present uncer¬ 
tain but it is probably combined with one of the hydroxyl groups 
of the side chain. In this case it would have the constitution III 
where the hydroxyl group to which the phosphoric acid is attached 
has been chosen somewhat arbitrarily. Theorell raises the question 
as to whether the new flavin phosphoric acid should not be regarded 
as a co-enzyme of oxydation rather than as the enzjmie itself. He 
points out that it has all the properties which distinguish a oo- 
enz 3 rme from an enzyme. It is of small molecular weight, dialysable 
and stable to boiling, and there is a certain similarity to the typical 
co-enzyme adenosine phosphoric acid which is now well known as 
the co-enzyme of yeast fermentation. In this case the speoifio 
protein would presumably correspond to the enzyme itself. The 
Willstatter school has tended to regard an enzyme as consisting of 
an active or “ prosthetic ” group accompanied by a protein carrier. 
It seemed natural to assume that in the yellow respiratory enzyme 
of Warburg the flavin pigment corresponded to the prosthetic 
group. It now looks as if it corresponded rather to the co-enzyme. 
It may be that the distinction between prosthetic group and oo- 
enz 3 nne is no hard and fast one. Some prosthetic or active groups 
may dissociate themselves more easily from the protein than others 
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and those which happen to be easily and reversibly dissooiable and 
to have been isolated may be the compormds which we call co- 
enzymes. This would at least seem to be a working hypothesis 
consistent with the known facts and forcibly suggested by this new 
and important discovery by Theorell of the presence of a flavin 
phosphoric acid in the yellow respiratory enzyme of Warburg and 
Christian. 

geology. By G. W. Tvbreli., A.R.C.Sc., D.Sc., The University, 
Glasgow. 

lONBOtTS Activity and Ionbotjs Rocks. —In addition to the recent 
British and Swedish collections of analyses (Scibncb Pbogbbss, 
Oct. 1932, p. 212) we have now a collection from Finland. This 
has been compiled by L. Lokka {Bull. Comm. OM. Finlande, No. 106, 
1934, 66 pp.) and contains 312 analyses of Finnish rocks which 
have been made since 1906, 66 of which, made by Lokka himself, 
have not yet been published elsewhere. 

Professor A. Lacroix has seized the occasion of the publication 
of his work on the igneous rocks of Indo-China to set forth his 
long-awaited scheme of classification of igneous rocks {Bull. Serv. 
OicH. de VIndochine, XX, Fasc. 3, Hanoi, 1933, 16-36 ; 183-206) 
which has been distributed as a separate pamphlet. While it is 
impossible here even to indicate the main fines of the classification 
we may say that it is chemioo-mineralogical and based on a norm 
calculation. In that point it differs from Niggfi’s (Soibncb Peo- 
OBB88, Oct. 1932, p. 211), but as they work out the correspondences 
of the two methods of classification seem to be considerable. 

In a penetrating paper entitled, “ The Broader Story of Mag¬ 
matic Differentiation, Briefly Told,” Dr. N. L. Bowen {Ore Deposits 
of the Western Stales, Amer. Inst. Min. Metall. Eng., 1933, 106-28) 
shows that the trend of fractional crystallisation in igneous magma 
is toward alkaline aqueous residual solutions, and that under 
moderately deep-seated conditions this residual liquid boils, setting 
up a fractional-distillation column in the interstices and fractures 
of the intrusion and its surroundings. By this action an acid 
aqueous solution is formed, and it is this which is r^arded as the 
principal ore-bringer. 

In his Presidential Address to the Geological Society of Wash¬ 
ington, Dr. C. N. Fenner {Joum. Wash. Acad. Sci., 24, 1934, 113-24) 
discusses ” Some Magmatic Problems,” and in particular, the large- 
scale assimilation of basaltic rock by rhyolitic magma in Alaska 
and the Yellowstone Park. Unless there are immense imreoognised 
sources of heat supply in rhyolite magma these facts are completely 
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tion, under which rhyoUte should the coolest member of the 
series of partial magmas from basaltio to rhyolitic. 

With the aid of a study of the external factors which influence 
the crystallisation of a hydrous melt in the system KtSiO* — SiO* — 
HjO, Dr. T. C. Phemister {Mtn. u. Petr. Mitt, 45, 1934, 19-77 ; 
99-132) has attempted to determine the probable influence of water 
on the course of crystallisation of basaltic magma. The concentra¬ 
tion of dissolved water in basaltic magmas at plutonic depths is 
from 4 to 6 per cent., and for less deep-seated magma the concentra¬ 
tion is d i m inished. The effect of dissolved water on the mineralogy 
of basalts, and its control over assimilation and differentiation, are 
fully discussed in this important memoir. 

In a paper entitled “ Pneumatolytic Processes in the Formation 
of Minerals and Ores,” Dr. C. N. Fenner {Ore Deposits of the Western 
States, Amer. Inst. Min. MetaU. Eng., 1933, 68-106) discusses “ the 
manner in which gases may be evolved and residual solutions 
formed from magmas, their different behaviour and composition, 
and the results they may be expected to accomplish especially in 
the collection, transportation and deposition of ores.” He believes 
that “ pneumatolytic processes are capable of effecting important 
metamorphic and metasomatic results ... by adding or subtract¬ 
ing ingredients and by bringing about recrystallisation, and that 
some of the effects commonly ascribed to orthomagmatic crystallisa¬ 
tion or to hydrothermal solutions have actually been brought about 
by pneumatolysis.” 

A thorough investigation of the alkali-trachyte of Soliatara 
(Naples) and its alteration by furaarole gases has been carried out 
by A. Rittmann {Schweiz. Min. u. Petr. Mitt. XIV, 1934, 1-21). 

In a discussion of “ Correlation of Kinds of Igneous Rocks with 
Kinds of Mineralization,” A. F. Buddington {Ore Deposits of the 
Western States. Amer. Inst. Min. Metall. Eng., 1933, 360-86) deals 
with the criteria for determining the igneous mass genetically 
associated with mineralisation, metallogenetio provinces and the 
variations of primary magma, assimilation of waU rocks, and varia¬ 
tions in mineralisation due to the tectonic and cooling history of 
magma. These points are illustrated by a summary of the mineral 
deposits of the United States which are found in association with 
various kinds of igneous rocks. 

Dr. C. S. Hitchen has studied the granite, greisen and mineral 
veins of the Skiddaw Granite from the point of view that each of 
the mineral associations are integral phases of one igneous episode 
{Quart. Joum. Oeol. Soc., XC, 1934, 168-200). The orthomagmatic, 
pegmatitic and hydrothermal phases of residual igneous activity, 
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have occurred. Several new chemical anal 3 ^s are published. 

Discussing the “ Glenesis of the North Pennine Ore Deposits,” 
K. C. Dunham (Quart. Joum. Oed. Soe., XC, 1934, 680-720) comes 
to the conclusion that their zonal distribution and richness in 
fluorite provide definite evidence of derivation from a magmatic 
source, possibly granitic, situated beneath the Pennines. 

The conclusion of F. Huttenlocher’s comprehensive study of 
” Die Erzlagerst&ttenzonen der Westalpen ” (Schweiz, Min. u. Petr. 
Mitt. XIV, 1934, 22-149) is that, apart from isolated examples of 
Hercynian ore deposition in the northern autochthonous massife, 
the whole of the metallisation of the Western Alps is associated with 
the main Alpine orogeny, and offers a typical example of tectonic- 
orogenetic ore deposition. 

A valuable summary of the characters of “ Die magmatische 
Mineral-und Gesteins-provinz im Mitteldevon desLahn-Dillgebietes ” 
has been published by E. Lehmann (Zeitschr. d. Deutach. Oeol. Oea., 
86, 1934, 348-69). The province consists of keratopbyres and 
spilites with two kinds of schalstein, magmatic and tuffogenous. 
The associated iron-ore deposits are very closely connected with 
msigmatic processes. 

By plotting spilite and metabasalt analyses on two kinds of 
triangular diagrams H. W. Fairbaim concludes that spilite is 
chemically transitional to low-soda metabasalt, and that the con¬ 
ception of an independent spihtic magma is not justified (Amer. 
Joum. Sd., XXVII, 1934, 92-7). 

An interesting series of spUite and keratophyre lavas with 
associated tuffs, probably of Pre-Cambrian age, is described by 
G. F. Flaherty (Joum. Oeol., XLII, 1934, 786-808) from south¬ 
eastern New Brunswick. It is considered that the albite of the 
spilites is secondary, and that albitisation was due to soda-rich 
solutions generated within the flows themselves during their con¬ 
solidation. Hence the spilitio magma is thought to have been 
inherently rich in soda. 

A valuable discussion of the process of prehnitisation is given 
by P. Bskola in his description of a ” Prehnite Amygdaloid from 
the Bottom of the Baltic ” (C.-R. 8oc. Qiol. de Finlande, No. 8, 
1934, 1-18). The alteration is regarded as “ autohydrothermal 
metasomatism,” the reacting solutions being derived from the lavas 
themselves. 

Sir J. S. Flett describes an interesting thomsomitised inclusion 
from the Blackness tesohenite sill. East Lothian (Summ. Prog. Oeol. 
8urv. for 1933, Pt. II, 1934, 85-90). The inclusion is of the nature 
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of a oalo-silicate-hornfels composed of thomsonite, garnet and 
P 3 rroxene. Rounded areas within the rook are believed to represent 
original steam cavities. The inclusion may be a contact-meta¬ 
morphosed fragment of the Houston Marl, and the thomsonite may 
have arisen by pneuraatolysis of basic plagioclase. 

8. I. TomkeiefF describes an excellent example of gravitative 
differentiation in the basaltic lavas of Island Magee, oo. Antrim 
{Oeol. Mag., LXXI, 1934, 601-12). Olivine-rich basalt occurs at 
the bases, grading to normal olivine-basalt in the central parts of 
the thicker flows. The differentiation is ascribed to the sinking of 
olivine crystals without re-melting. The accompanying rise of 
volatiles accounts for the abundance of zeolites at the tops of the 
flows. 

Field and laboratory investigation of the rocks at the eastern 
end of the Newry Igneous Complex has led Miss D. L. Reynolds 
{Quart. Joum. Oeol. Soc., XC, 1934, 686-636) to some remarkable 
conclusions. The different rock types are regarded as having been 
derived from ultrabasic magmas which differentially fused the 
adjacent Silurian greywackes and shales and, by “ soaking ” into 
the fused sediments, have given rise to augite-monzonite. Hybridisa¬ 
tion of the ultrabasic magmas by a somewhat hypothetical “ plagio¬ 
clase magma ” gave rise to augitc-biotite-diorite. The grano- 
diorite which forms the bulk of the intrusion rose by stoping through 
the earlier members of the complex, and is itself regarded as possibly 
due to deep-seated mixing of biotite-p3TOxenite, “ plagioclase 
magma,” and sediments. 

These observations have led to the formulation of a comprehen¬ 
sive theory of the origin of igneous rocks in general, in which exten¬ 
sive assimilation with biotite-pyroxenite as parent magma plays 
the main part. So far this theory has been presented only in 
abstract {Oeol. Mag., LXXI, 1934, 479-80), and will be elaborated, 
with illustrative examples, in a further paper. 

The “ Marginal and Contact Phenomena of the Dorback Granite,” 
east of Tomintoul, have been described by F. Walker and C. F. 
Davidson {Oeol. Mag., LXXII, 1936, 49-63). To some extent the 
phenomena appear to be similar to those described by Miss Reynolds 
from Newry (see above) The mass includes marginal monzonites 
and diorites the mineralogical features of which point to the absorp¬ 
tion of lime from limestone contacts and xenoUths. An association 
of relatively rare sharp contacts and more common merging junc¬ 
tions with marginal hybridisation, is noted (of. Anderson’s Ben 
Nevis work, below). 

C. B. Bisset describes some granite masses to the east of Aberdeen 
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with the aid of three new analyses {Trans. Edin. Qeol. Soc., XIII, 
Pt. 1, 1934, 72-88). These comprise an earlier group forming the 
Skene Complex, consisting of diorite, porphyritic adamellite, grey 
granites and minor intrusions ; and a later group consisting of the 
coarse red granites of Bennachie and Hill of Fare. Both groups 
belong to the Newer or Post-Silurian Granites. 

Mr. Bisset has also dealt with a series of minor intrusions which 
occur within the Skene Complex (Trans. Edin. Geol. Soc., XIII, 
Pt. 1, 1934, 133-47) with the aid of four new analyses. The rocks 
comprise felsites and lamprophyres, and are believed to have been 
derived from a residual magma of the Skene granite. 

J. G. C. Anderson has published some important work on “ The 
Marginal Intrusions of Ben Nevis ; the Coille Lianachain Complex ; 
and the Ben Nevis Dyke Swarm ” (Trans. Qeol. Soc. Glasgow, XIX, 
Pt. 2, 1936, 226-69), in which he shows that the non-porphyritic 
margin of the Outer Granite of Ben Nevis consists of three inter¬ 
rupted arcuate intrusions of fine, medium and coarse textures 
respectively, which are everywhere arranged inward from the margin 
in the above order. This order is also the order of age, but the 
successive intrusions followed one another so closely that merging 
junctions often occur. Five new chemical analyses accompany the 
paper. A summary of results is given in a paper on “ The Outer 
Granite of Ben Nevis ” (Qmrry Managers’ Joum., Mar. 1934, 4 pp., 
reprint). 

Mr. Anderson has also written a useful summary account of 
“ Caledonian Igneous Activity in the South-West Highlands ” 
(Quarry Managers’ Joum., Jan. 1936, 6 pp., reprint) describing the 
plutonic masses of that region, and giving a preliminary notice of 
new work on the Arrochar (Loch Long) series of intrusions. 

A small area of tonalite on the margin of the Ouachan Granite 
is extremely rich in xenoliths of the argillaceous and calcareous 
schists with which it comes into contact. Dr. S. R. Nockolds has 
made a close study of the resulting contamination of the igneous 
rock, and has dealt with some general considerations bearing on 
these reactions (Quart. Joum. Geol. Soc., XC, 1934, 302-21). 

The petrography and petrc^enesis of “ The Mountsorrel Grano- 
diorite and Associated Igneous Rocks ” have been described by 
J. H. Taylor (Qeol. Mag., LXXI, 1934, 1-16). The rocks, of which 
three new analyses are given, range from gabbro to soda-aplogranite. 
An intermediate diorite member is thought to represent a hybrid 
fcumed by the action of acid magma on basic rooks. 

Dr. P. K. Ghosh has dealt with “ The Cammenellis Granite: 
Its Petrology, Metamorphism and Tectonics ” (Quart. Joum. Geol. 
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8oc., XC, 1934, 240-76) using for the tectonic investigation the now 
well-known methods of H. Cloos. Numerous new analyses of the 
granites, elvans and homfels, are given. 

D. BalsUhe has described the petrology of the intrusive igneous 
rooks of South Angus, mostly within a 10-miles radiiis of Dundee 
(Trans. Perthshire Soc. Nat. 8ci., IX, Pt. 4, 1934, 133-45). Quartx- 
dolerites, basalts, augite-porphyrites, andesites and felsites are 
described. Two of the'most interesting points are the great display 
of coarse and fine acid veins in the Hilltown of Knapp quartz- 
dolerite, and the widespread albitisation of the rocks. 

R. Campbell and A. G. Stenhouse record nepheline and fayalite 
in the trachyte of the Bass Rock, and thus confirm the phonolitic 
character of this intrusion which has been indicated by other 
observers (Trans. Edin. Oeol. 8oc., XIII, Pt. 1, 1934, 126-32). 

The second part of the memoir on the Braefoot Outer Sill, Fife, by 

R. Campbell, T. C. Day, and A. G. Stenhouse (see Science Pbooress, 
April 1934, 692) deals with the continuation of the sill in districts 
other than the Braefoot promontory (Trans. Oeol. 8oc. Edin., XIII, 
Pt. 1, 1934, 148-72). A summary of the characters of the whole 
intrusion is now given, leading to the conclusion that, with the 
exception of an acidified dolerite at the top of the sill, the various 
facies have resulted from differentiation in situ of an olivine-basalt 
magma. 

Dr. F. Walker has written an interesting account of the little- 
known quartz-dolerite dikes of Perthshire (Trans, and Proc. Perth¬ 
shire Soc. Nat. 8ci., IX, Pt. 4, 1934, 109-17). These occur in the 
southern half of the county only. Most of the dikes are of tholeiitic 
character, but the pink acid veins of similar intrusions in the Soottish 
Midlands are scarce in the Perthshire area. 

According to 0. Burre (ZeUschr. d. Deutseh. Oeol. Oes., 86, 
1934, 100-10) Tertiary volcanicity in the Siebengebiige and its 
surroundings began in the Lower Miocene with trachyte-tuffs and 
trachytic lavas. The following andesites (? traohyandesites) and 
basalts (? trachybasalts) of Upper Miocene age covered a much 
wider area than the trachytes. The vents are disposed along a 

S. E. to N.W. line which coincides with the direction of the Tertiary 
fault system in the Rhenish Schiefergebirge. 

The volcanicity of the Lower Carboniferous in the Varisoian 
Mountain system of Central Germany, according to K. Gundlaoh 
(Ahh. d. Preuss. Otd. Landes. N. F., 157, 1933, 69 pp.), gave rise to 
pillow-lavas (diabases) of submarine eruption, follow^ by quartz- 
keratophyxe lavas and tuffs. Compared with the somewhat simihtr 
lavas of the Middle Devonian these rooks are less amygdaloidal and 
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lees tuffaoeoos, indicating that they were relatively gas-poor. 
Tectonically they seem to be connected with transition-forms 
between basins and uplifts (Becken und Schwellen). 

Feldspathic yamaskite and jacupirangite, which occur as plutonic 
inclusions in a gauteite dike at Aussig in the Bohemian Mittelge- 
birge, are described by E. Trdger as of cognate origin {Min. «. Peir. 
Mitt., 45, 1934,, 209-24). 

The paper by K. Preclik, “ Zur Kenntnis der chemischen Zusam- 
mensetzimg der moravischen Erstarrimgsgesteine ” {Min. u. Petr. 
Mitt., 45, 1934, 269-332) is a valuable collection and comparative 
study of analyses of Pre-Devonian, Devonian and Carboniferous 
igneous massifs in Moravia, which are mainly of calo-alkalic char¬ 
acters. A comparison with Moldanubian plutonic rooks is insti¬ 
tuted. The Cistii-Jechnitz granite massif in Bohemia, according to 
A. Orlov {Min. u. Peir. Mitt., 44, 1933, 205-10), is composed of 
acid granite and oligoclase-granodiorite forming successive differ¬ 
entiates firom the same magma. This plutonic mass shows certain 
affinities with the Erzgebirge granites, but is strikingly different 
from the main facies of the Mid-Bohemian granite massif. 

Gabbroidal dike-rocks from the Brissago district on L. Maggiore 
are described by C. Burri and F. de Quervain {Schweiz. Min. u. 
Petr. Mitt., XIV, 1934, 607-17). These rocks are associated with 
the basic intrusions of the Ivrea Zone. An analysis of an anorthite- 
bearing type is given. 

A compilative account of “ Les formations voloaniques de la 
Sardaigne,” supplemented by some new work, and by a good collec¬ 
tion of analyses and a bibliography, has been given by J. A. Burford 
{Schweiz. Min. «. Petr. Mitt., XIII, 1933, 366-96). 

Professor V. Hackman has published a comprehensive work 
entitled, “ Das Rapakiwirandgebiet der Gegend von Lappeenranta 
(Willmanstrand) ” {BuU. Comm. Ohl. de Finlande, No. 106, 1934, 
82 pp.). This is a marginal r^on, 500 sq. miles in area, of the 
great Wiborg rapakiwi granite massif. The concluding section of 
the memoir exhaustively discusses the mechanism of intrusion of 
the granite. It is concluded that epeirogenio movements have 
accompanied and caused the emplacement of the magma, tangential 
orogenic forces not having come into play at all. Hackman inclines 
to the view that the Wiborg massif is a transgressive bottomless 
batholith, and not an intrusive sheet of comparatively small thick¬ 
ness, a view which is supported to some extent by gravity observa¬ 
tions. 

The “ Bottenmeerporphyr,” described by Professor P. Eskola 
{C.R. Soe. 04d. de Finlande, No. 8, 1934, 111-27), consists mainly 
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of “ albite-feUite-porphyry,” and is rel^ated to the “ Helsinkitio ” 
mineral facies. It is found as boulders on the Finnish shores of 
the Bothnian Gulf, and is believed to be derived from submarine 
outorops. 

A study of the forms, mechanics of intrusion, and the petrology 
of the late-Mesozoic dolerites of Spitsbergen has been made by 
Dr. K. S. Sandford.and the writer {Proc Roy. Soc. Edin., LIU, 
Pt. 3, 1933, 284-321). In the Carboniferous and Permian strata 
the sills are uniform, non-transgressive and of wide extension ; but 
in the Mesozoic formations they ramify as a network through the 
broken strata. This contrast is regarded as due to injection under 
deep and shallow covers respectively. 

BOTANY. By Pbokessoe E. J. Sausbdby, D.Sc., F.R.S., Univaraity 

CoUoge, London. 

Ecological. —Comparatively little actual data is available respect¬ 
ing the internal carriage of seeds by animals, so that the recent 
observations of P. Miilier {Berichte d. Schweiz. Bot. Oe». 43, 241, 
1934) are of considerable interest. He finds that achenes of the 
Wild Strawberry, Fragaria vesca, from the excrement of the snail 
Arion empiricomum yielded no less than 94 per cent, of seedlings 
as compared with 74 per cent, with achenes direct from the plant. 
Seeds of Vaccinium myrtxUus showed 89 per cent, germination, 
those from the snail excrement 81 per cent. Fresh seeds of Ribea 
alpinum, which showed 90 per cent, germination, did not germinate 
BO rapidly as seeds which had passed through the gut of the Black¬ 
bird. The latter sown in autumn gave 98 per cent, germination 
by the following January, when only 83 per cent, of the fresh seeds 
had germinated. Cranberry seeds from the droppings of the same 
bird showed 74 per cent, germination, as oompsir^ with only 40 per 
cent, germination of seeds which had not passed through the bird. 

An investigation of the symbiotic relations of Monotropa kypo- 
pitya is the subject of a detailed study by H. L. Franoke {Flora, 
129, 1, 1935). He concludes that the symbiosis with the fungus 
is an obhgate one, since sterile seeds fail to germinate, although 
germination, albeit a low one (0-3 to 0-6 per cent.) is obtained in 
the presence of the fungus. The development of haustoria in the 
host attains a maximum in September and October, tibe period of 
most vigorous growth of the host, and is least from Deoember to 
April. The fungus is probably a Boletua, and appears to attain 
optimum conditions at a reaction of about pH 6. The seeds, which 
weigh only 0'003 milligram, contain an endosperm of only nine cells 
and an embiyo of only three cells. 
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Attention should be called to two recent accounts of vegetation 
both of which contain valuable data, but not of a character that could 
be usefully summarised in brief. One is a study by Waser, Hus- 
mann and Bldchliger of the chemical, bacteriological and biological 
features of the River Glatt. This contains data regarding the 
variations in the nature of the river water from stations over a 
length of some 36 kilometres, together with details of the animal 
and plant life {Berichte d. Schw. Bet. Gea., 43, 253-388). The second 
is an account by E. Barre of the vegetation of Madagascar {Annalea 
dea 8ci. Nat,, XVI, 95, 1935) in which the various communities are 
described and a general map is furnished. 

In the October and November numbers of the New Phyiohgiat 
(XXXIII, 1934), Dr. Godwin contributes a useful summary of the 
technique and interpretation of the methods of pollen analysis in 
peats in which he rightly stresses the difficulty of establishing direct 
parallels between the stages of forest development on the Continent 
and those in Britain. 

FLOBAii Morphology. —The occurrence of male flowers on female 
plants of Mercurialia annua, and of female flowers on male plants, 
is well known, as also the occurrence of hermaphrodite flowers of 
diverse types. Yampolsky describes (Amer. Jour. Bot., 21, 661, 
1934) some remarkable flowers of this species, in wliich carpels bore 
fertile anthers and others in which fertile stamens developed stigmas, 
besides which various other types of transformation into carpels 
were encountered. In some examples both staminody and pistU- 
lody occurred within the same flower. The examples described 
indicate that what may be termed the drift of differentiation towards 
carpel or stamen formation may proceed apparently almost to 
completion, and yet permit partial or complete differentiation in 
another direction. Such abnormalities, of which similar examples 
have been recorded from the Ranunoulaceae and other families, 
must oleeurly be taken into consideration in arriving at any general¬ 
ised concept of the morphogenetic processes involved in floral 
differentiation. 

Akatomy. —The histology of the wood in the trunk proper, the 
swollen stem base, and the knee roots of Nyaaa aquatica, has been 
studied by Penfound (Amer. Jour. Bot., 21, 623, 1934). The most 
marked distinction between elements in the three regions was 
shown by the structure of the fibres, which were shortest, widest 
and thixmest-walled in the knee-roots and increased in length with 
increase in height above the ground of the wood from which they 
are derived. In the trunk the fibres were both longest and thickest- 
walled whilst in the swollen basal region, which may attain more 



SOIEKOX PSOOBBSS 


706 

than three times the diameter of the stem above, the length and wall 
thickness are intermediate, the vessels are both shorter and broader 
in the knee-roots than in the stem. 

From a study of the distribution and development of ray tissue 
in the secondary system of Gymnosperms, Bannan {Bot. Oaz., 96, 
210) concludes that the primitive ray was parench 3 rmatou 8 , and that 
ray tracheids have arisen at the expense of parenchyma cells. 

Cytology and Genetics.— An extensive investigation of the 
chromosomes of species of the genus Iris is the subject of a paper 
by M. Simonet (Ann. des Sci. Nat., XVI, 229, 1934). No less than 
twenty-two haploid numbers have now been recorded for different 
species. These include the numbers from 8 to 24, 36 and 42, whilst 
41-2, 43-4, 64-6, characterise other species. A noteworthy feature 
upon which the author lays stress is that the weU-de^ed and 
homogenous sections are characterised by a uniform haploid number, 
whereas the ill-defined taxonomic groups exhibit great variation in 
respect to the haploid number. The average size of the chromo¬ 
somes is inversely proportional to the number. In some species 
even different varieties possess different haploid numbers of chromo¬ 
somes. 

From a cytological and morphological study of the North 
American roses of the group Cinnamomae, Miss Erlanson has 
reduced the 113 species that have been described to sixteen Lin- 
nean but very variable species. Seven ecotype species are also 
tentatively recognised and four “ species ” due to hybridisation 
(Bot. Oaz., 96, 197-269, 1934). 

Cryptooamic. —The presence of Water Moulds (Saprolegnia- 
ceee) m the soils of California has been known for some years. W. B. 
Ivimy-Cook and E. Morgan have now foimd them to be present in 
various sods from Glamorganshire. They record twenty-six species 
belonging to six general and, from the number and ^quency of 
species in the soil, togethW with the fact that fifteen of these have 
not been so far recorded from water samples, suggest that the group 
may in reality be primarily a terrestrial one, the feequenoy in 
aquatic conditions being due to a washing out from the soil (Jour, 
Bot., LXXII, 346, 1936). It should, however, be noted that the 
authors do in fact establish aquatic conditions for developing these 
fungi from the soil, so that evidence of their active growth and 
reproduction in the soil itself will be awaited with interest. 

Experiments by C. Potts on “ Finger and Toe ” disease con¬ 
firm the view that acidity encourages infection by Plaamodiophora 
broMtcoB whilst alkalinity checks it. Repeated dressings with 
quicklime of the order of a ton per acre completely prevented 
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infeofiaD. Calcium aa such also appears to have an inhibiting 
e£Feot, but the disease can nevertheless occur in soils containing a 
high proportion of chalk provided the soil be sufficiently moist. 
The favourable influence of organic matter is attributed solely to 
its effect upon the moisture relations (Trans. British Mycal. Soc., 
XIX, 174, 1935). 

In the same Journal (p. 145) F. N. Carter records species belong¬ 
ing to some thirty tiifferent genera of fungi as occurring in the air 
over apple orchards, of which about half are known to be associated 
with disease in stored apple fruit. Evidence is afforded that the 
disease of stored fruit is chiefly due to infection from the air before 
the apples are gathered, and in this respect different localities would 
appear to present marked differences. 

PLANT PHYSIOLOGY. By Paorassoa Walteb Stiles, Sc.D., F.R.S, 

The University, Birmingham. 

Pkbmbability. —A number of publications dealing with the per¬ 
meability of plant cells have appeared during the last two years, 
of which only some of the more important are mentioned below. 

B. Huber and H. Schmidt have published a preliminary state¬ 
ment regarding the influence of plasmolysis on permeability, the 
method consisting in determining the increase in the osmotic value 
of the epidermal cells of BJkbo discolor and other material, after a 
certain time, in solutions of glycerol and urea of different concen¬ 
trations. They report (“ Plasmolyse und Permeabilitat,” Proto- 
plasma, 20, 203-8, 1933) that in many objects, including epidermal 
cells of Bhoeo discolor, the permeability of the cells is scarcely 
affected by plasmolysis, in others there is, as previously suggested 
by Buhland, a definite decrease in permeabihty as a result of 
plasmolysis ; this is the case in the epidermal cells of the stem of 
Oentiana macrophylla. Some other points brought out by their 
investigation are that the permeabihty of different plant cells to 
urea may bo very different, and may be very different for different 
tissues of the same plant, as, for example, the epidermal and hypo- 
dermal cells of Oentiana rnaorophyUa, and also that the order of 
permeabihty of urea and other substances, particularly glycerol, 
is not necessarily the same in all oases. 

Some observations on plasmolysis and permeabihty of the 
epidermal cells of Rhoso discolor have also been recently described 
by B>. CoUander (" Plasmolytisohe Beobaohtungen an den Epider- 
miszeUen von Bhoeo discolor,” Protoplasma, 21, 226-84, 1934). 
He records that when a strip of the epidermis of Rhm discolor 
is transferred from a plasmolysing solution of sucrose -f ethyl 
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alcohol to a Buorose Bolution without alcohol the protophust moves 
from one end of the cell to the opposite side, and if the tissue is 
then transferred back to the alcohol-containing sucrose solution 
the protoplast moves back. This behaviour is probably related 
in some way to osmotic processes in the cell. 

There has been some controversy as to whether cells are more 
permeable to water than to alcohol. Collander believes that the 
epidermal cells of Rhoeo are less permeable to alcohol than to water, 
for a notable rapid contraction of the protoplast can be observed 
when the cells are placed in strong alcohol solution, indicating an 
osmotic withdrawal of water. But it is difficult to distinguish 
between an osmotic withdrawal of water depending on the concen¬ 
tration of alcohol outside the cell and an exosmosis due to the break¬ 
ing down of the plasmatic layer as a result of the action of alcohol. 

The permeability of the cells of Chara ceratophyUa for non¬ 
electrolytes forms the subject of a paper by R. Collander and 
H. Barlund (“ Permeabilitktsstudien an Chara ceratophyUa. II. 
Die Permeabilitat fiir Niohtelektrolyte,” Acta Bot. Fennica, 11, 
114 pp., 1933). A number of organic compounds were used in their 
experiments; these substances included, among others, various 
alcohols, amides and urea derivatives. The entry of the sub¬ 
stances into the cells was followed by microchemical analysis of 
the ceU sap. With these non-electrolytes equilibrium in intake 
occurs with equaUty of concentration inside and outside the Chara 
cells, and the entrance of the substance foUows Pick’s law of 
diffusion. This being so, a value for the permeability of the limit¬ 
ing layers of the cells for a substance is given by the quantity P 
in the equation 

Q 

where v is the volume of the ceU, ~ the concentration of the external 

V 

solution, supposed to remain constant and therefore equal to the 
internal concentration at equilibrium, - the internal concentration 
do 

at any time, ^ the rate of entry of the substance at that time and 
A the area of the ceU surface. On integration this equation becomes 



The permeability of the cell wall appears to be so great in com' 
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parison with that of the plasmatic layer, that the determined 
permeability values can be regarded as referring to the protoplasm. 
Some idea of the range in penetrability of different substances 
may be gathered from a few of the values found by Collander and 
B&rlund. Thus the value of P for methyl alcohol was found to 
be of the order 0-99, that for formamide 0-077, that for urea 0-0040 
and that for glucose and some other sugars less than 0-00003. 
It may be noted that in all cases the permeability to each sub¬ 
stance was the same in both directions, that is, whether the sub¬ 
stance was passing into, or out from, the cell. C!omparing the 
properties of the various substances with their penetrabilities, it 
would appear that adsorption processes cannot play any considerable 
part in determining permeability. On the other hand, there appears 
to be a direct proportionality between the penetrability for the 
various substances and their partition coeflScients in the system 
olive oil—water, a strong piece of evidence in favour of the Upoid 
theory of cell permeabihty. But substances with a low molecular 
refraction, that is, with molecules possessing a small volume, 
penetrate into the cells more rapidly than their relative solubility 
in olive oil would suggest. The plasma-membrane would thus 
seem to act as an ultra-filter through the pores of which particles 
with a diameter of less than about 0 4 can pass whether they 
are soluble in the lipoid phase or not. 

While the results of this work on Chara are in the main in 
agreement with earlier work on the permeability of epidermal 
cells of Rhm, the cells of the former appear to be more permeable 
to amides than the latter. This difference is attributed to a differ¬ 
ence in the lipoids in the plasmatic layers of the two kinds of cells, 
the Chara lipoids possessing a greater solution capacity for weak 
basic compounds. 

Another comparative investigation on the permeability of a 
variety of organic substances, in this case on the cells of a liverwort 
{Hookeria lueena), an alga (Hydrodictyon utriculatum) and a fungus 
(Baaidiobolua ramrum) has been attempted by Helene Bonte (Proto- 
pJaarm, 22, 209-42,1934), Her method of determining permeability 
was to measure the molecular concentration of each substance 
neoessary just to produce plasmolysis and compare it with the 
concentration of a non-penetrating substance, sucrose, which just 
produced plasmolysis. In some cases, where the rate of plasmolysis 
by sucrose was slow, Bftrlund’s partial pressure method was used, 
in which the cells are first immersed in a non-plasmolysing solution 
of sucrose and then transferred to a solution containing the same 
concentration of sucrose with a certain amount of the substance 
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under investigation added. From the measurements made per¬ 
meability coefficients were calculated according to the formula 

k 

fi (the coefficient) — 1 — p where k is the limiting plasmolytic 

concentration of the non-penetrating substance and k' that of the 
penetrating substance. It must be confessed it is rather remarkable 
that at this date an. attempt should be made to evaluate per¬ 
meability in terms of these “ coefficients ” Many years ago I 
pointed out that such “ coefficients ” could not give an exact 
value of permeability since the observed limiting plasmolytic 
concentration of the penetrating substance must depend on the 
time which elapses between immersion of the tissue in the plasmolyte 
and the moment of observation, for with continued entrance of the 
substance the osmotic pressure of the cells continually rises. How¬ 
ever, we may assume the results obtained to give some evidence 
of the different degrees of penetrability of the various substances 
examined. These substances included, with sucrose, 23 organic 
compounds among which were methyl and ethyl alcohols, methyl 
and ethyl urethanes, urea, glycerol and some amino acids. The 
permeability of the various substances is considered in relation to 
their lipoid solubility, of which a measure is supposed to be given 
by the partition coefficient between ether and water. It is con¬ 
cluded that substances insoluble, or slightly soluble, in lipoids 
enter the cells in relation to their molecular dimensions, whereas 
the rate of entry of lipoid-soluble substances into the cells is greater 
than that correspon^ng to their molecular dimensions. Certain 
complications in the action of some of the substances on the different 
materials used are noted. Thus a plasmol 3 dic-like contraction of 
the protoplast m Hydrodictyon attributed to changes in the eulhesion 
of protoplasm to cell wall was observed, while in the same material 
methylurethane renders the cells unplasmolysable owing to the 
cell wall and protoplasm adhering together. Again, the plasmo- 
lysis of the mycelium cells of Baaidiobolua is increasingly hindered 
with increasing acidity. 

An observed difference in the staining of the stomatal guard 
cells and the epidermal ceUs of the leaves of the daisy (BeUia perennia) 
is recorded by F. Weber (“ Zur Permeabilitkt der Schliesszellen,” 
Protoplaama, 19, 452-4,1933). When a piece of the lower epidermis 
is treated with a solution containing both neutral red and methyl 
green, the cell sap of the guard cells becomes stained with neutral 
red, while the ordinary epidermal cells are stained with methyl 
green. This difference in staining is attributed to a difference in 
the permeability of the two kinds of cells, although there is also 
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a possibility that the permeability of the epidermal oells was altered 
in preparing the material while that of the guard cells was not. 

The last paper to which reference will be made here is one 
by T. Laine (“ On the Absorption of Electrolytes by the Cut Boots 
of Plants and the Chemistry of Plant Exudation Sap,” Ada Bot. 
Fennica, 16, 64 pp., 1934), who worked with the scarlet runner 
{Phaseolua muUtflorua var. coccineua). The amount of potassium, 
calcium and manganese in the sap of the cut roots immersed in 
solutions of potassium chloride, calcium chloride and manganese 
chloride respectively was found in each case to be given by the 
equation 

1 

a = fee" 

where s is the concentration of the element in the sap, c the concen¬ 
tration of the external solution and k and n are constants. The 
accumulation of both manganese and thallium in the cell sap was 
examined and was found to obey the same rule. The relation¬ 
ship between internal and external concentrations in the case of 
the roots used by Laine is thus similar to that recorded by Stiles 
and Kidd for storage tissue sixtoen years ago. 

ZOOLOGY. By O. R. de Bbbk, M A , D.Sc. ; E. B. Foan, M.A., B.Sc. ; 

and J. A. Moy-Thoma.8, B.A. ; the University, Oxford. 

General. —A phenomenon of considerable interest has been dis¬ 
covered and described by G. A. Schmidt (Zool. Jahrb. Abt. Anat., 
68, 1934, 607). He has found that in addition to the normal 
process of development by means of a Desor’s larva, the Nemertine 
lAneus ruber in the White Sea and in the English Channel may 
undergo a different type of development. In the Desor type, the 
eggs, ’6 mm. in diameter, are laid about six in a capsule, with 
soft membranes. All the eggs develop, at the expense of the con¬ 
tained yolk, into inert embryos, with a thick epidermis and a small 
blastopore. In the second type the eggs are smaller, about -26 mm. 
in diameter, contain little yolk, and are laid about fifteen in a capsule 
surrounded by stiff membranes. Only some 30 per cent, of these 
eggs develop, and they bodily ingest their brethren which have 
remained at early cleavage stages. They give rise to highly mobile 
embryos with a thin epidermis and a large blastopore. 

Both types of development apparently produce the same morpho¬ 
logical end result, the typical Limus ruber, differing however in 
colour, for the Desor type of development is followed by eggs laid 
by green adults, while adults lay eggs which develop according 
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to the second type. There is therefore a divergence in the species 
consequent upon a variation affecting early stages of development. 

A. F. W. Hughes has contributed a study on the development 
of the blood vessels of the head of the chick, which is remarkable 
alike for its completeness, the beauty of its illustrations, and for 
the inferences which the author has been able to draw from a 
comparative study with a bearing on the causal analysis of blood¬ 
vessel development {Phil. Trans. Roy. Soc. Land., B, 224, 1934, 
76, Plates 1-16). 

In general, blood-vessels are preceded by a capillary network, 
the elaboration of which into definite channels may permit of a 
certain amount of variation. It is shown that arteries, veins, and 
nerves, in the course of their differentiation and outgrowth are 
subjected to similar influences and may influence one another. 
Thus the sympathetic chain serves as a guide for the subsequent 
development aroimd it of a capillary network; the blood-vessels 
of the limbs serve as guides for the outgrowing nerves; a vein 
(the vena carotis) may develop along the line of a pre-existing 
artery (carotid artery) and nerve (sympathetic); or an artery 
(stap^ial) may develop alongside a vein (capitis lateralis). In 
many cases the directive influence seems to be of the nature of 
contact reaction. 

Morphological work of this kind is an essential prerequisite for 
the successful continuation of experimental analysis of the differentia¬ 
tion of blood-vessels along the lines laid down by Roux and Oppel. 

In a series of interesting papers, J. Brachet has investigated 
some important problems relating to the methods of obtaining 
energy used by frogs’ eggs and embryos at different stages of 
development, and the bearing of these methods on the develop¬ 
mental processes themselves. The first paper {Arch, de Biol, 46, 
1934, 611) is concerned with the study of eggs which have been 
subjected to one of the following treatments: anssrobiosis, KCN 
to inhibit the oxidases, phenylurethane to inhibit the dehydro¬ 
genases, monoiodoacetic acid to inhibit glycolysis. Measurements 
of respiratory quotients were also made. 

Brachet finds that in the frog, neither atmospheric oxygen, 
nor oxygenases, nor glycolysis are essential for cell-division and 
cleavage, which continues up to the early neurula stage. This is 
quite different from the sea-urchin, whose eg gs irame^ately cease 
cleaving when deprived of oxygen. On the other hand, phenylure¬ 
thane used at early stages stops cleavage at once, the effect decieasing 
with age. 

Brachet’s tentative conclusion is that while growth is connected 
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with glycolysis and differentiation with oxidative respiration, 
cleavage in anserobiosis is dependent on a high pH value (oxidation- 
reduction potential). 

Brachet’s second paper {Arch, de Biol., 46, 1936, 1) is concerned 
with the change in rate of oxygen-consumption by frogs’ eggs at 
fertilisation, which he finds to be non-existent. (Again, differing 
from the sea-urchin). On the other hand, there is a cyclical varia¬ 
tion in oxygen consumption synchronised with the mitosis rhythm. 

Lastly {Arch, de Biol., 46, 1936, 26) Brachet has looked to see 
whether the energy-output of the organiser region of the egg differs 
from that of other regions. The experiments (estimations of 
oxygen consumption and CO, output of isolated organiser regions 
and of eggs with the organiser region destroyed) show that the 
respiratory rate of the organiser region is markedly greater than 
that of the rest of the egg. This fact has an important bearing 
on the theory of axial gradients. 

Genetics. —There have been many summaries and detailed 
accounts of Professor Goldschmidt’s celebrated studies on inter¬ 
sexuality in Lymanlria. In these, new facts have from time to 
time been added, and the interpretations placed upon some previous 
observations have now and then been revised. The whole subject 
has at last been brought together, with a complete bibliography, 
in a splendid monograph by Goldschmidt {Bibl. Oen., 11, 1934, 
1-186), and he tells us that it is now closed so far as he personally 
is concerned. Indeed, most of the problems which he set himself 
to solve have been carried to a successful conclusion. Not only 
does this latest work cover the whole field of his researches on 
Lymanlria, but it contains some important information previously 
unpubUshed. Reference may especially be made to the demon¬ 
stration of the remarkable fact that the female sex-determinant is 
inherited cytoplasmically. The comparison of intorsexuality in 
Lymantria and Drosophila will also be read with interest. It may 
be added that the physiology of intorsexuality in the latter species 
has recently been expounded in a short and helpful summary by 
J. Kerkis {C.B. Acad. 8ci. U.S.8.B., 1934, 291-4). 

Some important facts bearing upon dominance theory have 
recently been published. E. F. Barrows {J. Oen., 29, 1934, 9-16) 
has studied the well-known recessive gene “ non-agouti,” (o) in 
mice, which produces black coat-colour. He has shown that it 
behaves as a semi-dominant in the presence of one or more semi¬ 
dominant ” modifiers.” These interact with the gene-complex 
oontaining Aa to express in some degree the effect of the non- 
agouti gene in the heterozygous state. Furthermore, L. C. Dunn 
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and W. Landauer have obtained important reaults firom their 
study of the “ rumpless ” fowl {ibid., pp. 217-43). These birds 
present several abnormalities : they lack certain vertebr® from 
the synsacrum and pygostyle, and they are without an oil-gland. 
These effects are all under the control of a single gene, which behaved 
as a dominant in the stock in which it appeared, and in some crosses. 
In others, however, the FI heterozygotes were modified towards 
the normal type. By inbreeding and selection from these, a stock 
was obtained in which the rumpless gene behaved as a recessive. 
Not all the characters were equally affected in the modification of 
the heterozygote towards the normal. Thus they provide another 
instance of the principle noticed by Ford in 1930, that the multiple 
effects of a single gene, when undergoing dominance modification 
according to the theory of Fisher, should be capable of independent 
change. In the present instance the alteration in dominance appears 
to be due to the action of genes brought in from certain normal 
fowls, and their accumulation within the rumpless stock by selection. 

T. S. Painter {Oenetica, 19, 1934, 448-69) has studied the chromo¬ 
somes in the salivary glands of the larv® of Drosophila melanogaater. 
He finds that when stained with aceto-carmine they are marked 
by numerous recognisable bands and lines whose position is accur¬ 
ately maintained. By means of these it is possible to follow 
translocations and to determine the length of deletions. On this 
basis he has made a new map of the X-chromosome, using breakages 
produced by X-rays to find the position of the genes. It is a 
surprising fact that the inert regions of neither the X-chromosome 
nor the Y-chromosome, except perhaps a fragment which may 
carry the locus of “ bobbed,” are visible in these salivary gland 
preparations. It seems then that only the genetically active regions 
can be identified in them. References to the previous work on this 
new technique are given in the present paper. 

Pal^ontolooy. —SSve-Soderbergh (Arkivfor Zoologi,2SB,, 1934, 
no. 17) has reviewed the classification and phytogeny of the Verte¬ 
brates in the light of recent researches. The main difference in 
his classification from previous ones is the emphasis laid on the 
division of the fish into three groups : Elasmobranchii, Choansta, 
and Actinopterygii, arising from a common ancestor; and the 
division of the primitive Amphibia into two groups: those which gave 
rise to all subsequent Amphibia and those which gave rise to the 
Beptilia. The Dipnoi, Crossopterygii, and Amphibia form a more 
uniformly natural group, the Choanata, than do the Crossopterygii 
Actinopterygii, and Dipnoi as in previous classifications. The 
Urodeles he suggests have an independent origin from other Tetra- 
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pods, beu^ doriyed from the Dipnoi and not from the Crossoptorygii. 
Hiis view of the phylogeny of the Urodeles, however, is less likely 
to meet with aooeptanoe. 


Anura ^ 



Watson {Proc. Zool. 8oc., 1934, 437) working independently of 
Stensid (reviewed in the last number) has come to the conclusion 
that the Arthrodira are true gnathostomes, possessing a jaw 
mechanism similar to any other fish, both a palatoquadrate and 
Meckel’s cartilages being present. The teeth of the Arthrodira at 
first showed Elasmobranch succession but later in evolution this 
sucoession was abolished and the teeth became permanently fused 
to the jaws. There is therefore nothing very remarkable in their 
jaw mechanism, which must have fimctioned as in other fish and 
not in the peculiar ways suggested by Jaekel, Adams, and Heintz, 
who supposed that the upper jaw had to be moved relatively to 
the lower to open the mouth. 

PHYSICAL ANTHROPOLOGY. By L. H. Dunucv Buxton, M.A., 
D.So., Exeter College, Oxford. 

It would not be fitting to let an account of the progress in anthro- 
pology pass without paying a tribute to the work done by Professor 
Arthur Thomson, who retired this summer from the Chair of 
Anatomy in Oxford.^ Professor Thomson has contributed to 
anthropological studies in this country not only by his published 
works but also by his long series of lectures in the subject which 

^ Sinoe the above was written we r^;ret to have to record that Professor 
Thomson has died at Oxford. 
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have been delivered annually since 1896. His successor, Professor 
Le Gros Clark, is also an anthropologist as well as an anatomist, 
and in the January number of Man he contributes an important 
statement on his views on “ Man’s Place among the Primates.” 
He believes that the lemurs and their allies branched off from the 
basal Primates at an extremely early stage, probably the very 
beginning of the Tertiary Period. A second branch from the basal 
Primate stem was that of Tarsius, who possessed features which 
approached the higher Primates but like the lemurs showed 
specialised tendencies. 

Soon after the branching off of Tarsius the monkeys separated 
from the group which was eventually to produce the apes and man. 
There are to-day two separate branches of monkeys, old world and 
new world, but in this case there has evidently been parallel 
evolution. 

In regard to the apes the Professor says : “A searching analysis 
of human morphology leads to the inevitable conclusion that in 
the structure of the brain, skull and other features the human 
stem must have passed through a phase of evolution in which it 
so closely resembled the known anthropoid apes that it is necessary 
to postulate an anthropomorph ancestor for modem man.” 

The difficulties in the way of deciding at which stage the human 
stem branched off are discussed at length. He suggests that the 
human stem diverged from the anthropoids when the common 
ancestor was a comparatively small animal. A point which needs 
special attention is whether this divergence did not take place 
at a level corresponding to that of the gibbons, rather than a later 
stage represented by the gorilla and the chimpanzee. This is 
especially necessary because the two fossil specimens, the Java 
Ape-Man Pithecanthropus and the Peking Man SiruintJiropus, 
resemble the gibbons in certain respects and indeed have been 
classified as gibbons by some writers, although it is doubtful whether 
they really bear any close relation to the evolutionary development 
of Man as we understand him. 

The Professor suggests that we shall find the direct ancestors 
of Man among the Miocene forms of Dryopitheeus. Unfortunately 
these animals are at present only known to us from remains of 
jaws and teeth, and evidence is badly needed about their general 
skeletal form. 

A more specialised paper on the evolution of man is that by 
Dr. Charles Midlo {Amer. Joum. Phys. Anlhrop., XIX, 8, 1934). 
He discusses the external appearance of the hand and foot in 
Primates, a subject whose importance and interest is well known 
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especially from the writings of Br. Wood Jones. It is very interest¬ 
ing to compare Br. Midlo’s findings with those of Professor Clark 
given above. Br. Midlo suggests that the Prosimian (that is 
Tarsius, lemurs and their allies) hand and foot are markedly special¬ 
ised structures, with a greater deviation in their external form 
from the primitive mammalian form than those of the higher 
Primates. 

Both the Old and New World monkeys have rather general¬ 
ised hands and feet but various families, especially of the New 
World monkeys, show varying degrees of specialisation. In the 
next higher group we find that the gibbons have rather unspecialised 
feet, but markedly specialised hands, owing no doubt to their 
arboreal habits. Among the higher apes we get varying degrees 
of specialisation side by side with the retention of primitive char¬ 
acters and it is especially interesting to note that Br. Midlo con¬ 
firms the generally held view that Man has a more primitive hand 
and a more specialised foot. 

George H. Hansen {American Anthropologist N.S., 36, No. 3, 
1934) describes a skull cap found in Utah Lake. The shore of the 
lake was formerly a favourite place of habitation of ancient man 
as is clearly shown by archseologioal evidence. Owing to the 
drought it was possible to explore points normally far out in the 
lake. This skull cap was found at a position usually quite inac¬ 
cessible. Morphologically it contrasts strongly with local Indians 
and the mound builders of the lake shores. The skull should prove 
of considerable interest in the study of the distribution of the 
early populations of America. The Zeiischrift fUr Ethnologic, 66, 
Heft 1/3, 1934, contains an account by Herta Busse on the old 
Slavonic skulls from Eastern Germany. This extremely careful 
paper, much of which is devoted to a necessarily technical descrip¬ 
tion of the crania, is important as adding a farther piece of evidence 
to our knowledge of the contrast between the culture of the region 
which was Slavonic and the physical type of the inhabitants which 
was closer to their more western neighbours speaking Teutonic 
languages. 

There are two American papers which investigate subjects to 
which anthropologists have normally given less attention. First 
B, B. Gardner and B. L. MacAdam {Amer. Joum. Phya. Anthrop., 
XIX, 2) discuss the question of using the technique of physics 
for testing hair-colour by a colorimetric analysis. They used 
Professor Hardy’s recording spectrophotometer and attempted to 
analyse hair samples. As they themselves say, the number of 
examples used (53) was really too few, but the results obtained do 
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suggest that you could get a scientifically graded hair-colour series 
which would have the advantage of standardising the work of all 
observers and also of making the material available, if required, 
for statistical study. 

Frederick G. Murray has a paper of exceptional general interest 
(American Anthropologist N.S., 36, No. 3). He calls attention to 
the importance which medical research, especially on rickets, may 
well have to anthropologists. He postulates two factors, sunlight 
and such food as fish, oil and meat, and ascribes the whiteness of 
the White Race as being due to an adaptation which allows as 
much sunlight as possible to penetrate the body. But the Eskimo, 
who have black hair and a pigmented skm, should on the same 
theory also have become white to get sunlight, to which in fact 
they are even less subjected than the White man. But Mr. Murray 
draws attention to the fact that their diet—fish, oil and meab— 
is just as antirachitic as sunlight, and believes that such a diet 
has not made a specialisation of skin colour necessary. On the 
other hand, in the tropics there is excessive light and the author 
suggests that this superabundance of sunlight, combined with a 
nutritional disease factor, militates against the wellbeing of the 
white man in the tropics. 

Comparatively few of the papers read at the International 
Congress of Ethnology and Anthropology have yet appeared in more 
than brief summaries. It is impossible therefore to do more than 
speak very briefly on the subject. It would appear, however, that 
the main interests of the physical anthropologists were tending 
towards two lines at the moment, first the evolution of man (Pro¬ 
fessor Le Gros Clark’s paper has already been noted) and secondly 
the systematic classification of racial differences especially in rela¬ 
tion to their geographical distribution. On the second subject a 
fundamental difference of opinion seemed to manifest itself. Some 
anthropologists preferred to take their racial or cranial series as a 
whole and to study them in relation to their neighbours and to 
other similar groups. Other speakers again, notably Professor 
Czanowski, were equally definite that this was hardly a satisfactory 
line of approach. They considered that any series should be 
divided into its component parts and that any particular group 
should be analysed as containing, say, so much per cent. Nordic, 
so much Alpine and so much Mediterranean, or whatever the com¬ 
ponents may be. The various papers will no doubt be published in 
due course, but there can be little doubt that the extremely firiendly 
spirit in which these discussions and those on standardisation of 
anthropometric data were discussed, although they may appear 
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to be as evanescent as a broadcast programme, will really con¬ 
tribute considerably to the progress of physical anthropology which 
in the past has suffered very much from the diflSoulty of different 
schools seeing each other’s point of view. The demonstration by 
Professor Schlauginhaufen and others who were trained in Pro¬ 
fessor Martin’s school on the actual methods described in Martin’s 
Ltkrbuch der Anthropologie may be also mentioned as particularly 
valuable. Skulls, calipers, and skilful fingers cleared away many 
difficulties which mere words had only tended to confuse. These 
things can hardly appear as published transactions, but do in fact 
contribute more to the progress of the subject than a good many 
published papers. 



NOTES 


Piano Touch and Tone (S. K. L.) 

Most pianists are inclined to the view that the tone quality 
obtainable from a piano is under the control of the player, whereas 
to the scientific mind such a conception is not readily acceptable. 
Many investigators have studied this problem, usually with results 
that indicate that the control of tone is beyond the capabilities of 
the player. An important contribution to this study is a paper on 
“ A Precision Study of Piano Touch and Tone,” by Hart, Fuller, 
and Lusby, in the Journal of the Acoustical Society of America for 
October 1934, pp. 80-94. The authors consider that the earlier 
evidence is not sufficiently conclusive, and have attempted to settle 
the question once for aU. The experiments involved a considerable 
amount of detail work in removing or analysing various sources of 
error. 

Theoretically, the loudness and tone quality of a piano note ate 
determined by the velocity, acceleration, and higher time deriva¬ 
tives of the hammer when striking the string, but in practice, due 
to the great rigidity of the hammer shank, the influence of the 
acceleration and the higher time derivatives is negligible. The 
duration of contact is an important factor and depends, theoretically 
at least, not only on the angular velocity, but on a vibratory or 
whipping motion due to the finite mass and elasticity, and a slight 
change in the force applied to the key might well reverse the phase 
of the vibrational motion of the hammer at the moment of impact. 
It was therefore decided to record the motion of the hammer and 
the emitted sound. 

The hammer motion was recorded optically, the apparatus being 
designed to fit into the piano with the leeut possible derangement. 
A specially designed mechanical striker was substituted for the 
player’s finger to give a calculable performance variable between 
wide limits. This striker was arranged to have positive, zero, or 
negative acceleration, with controlled free period of oscillation and 
controlled velocity. A concert grand piano was used with a con¬ 
denser microphone, amplifier, and moving-coil oscillograph in an 
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acoustic-deadened room. On account of the limited space inside 
the piano, the greater part of the work was confined to middle C, 
but preliminary experiments showed that these results would be 
typical of other notes taken from any octave. 

In all the tests made with various adjustments of the mechanical 
striker, identical sound pictures were obtained with any acceleration 
or any free period, provided that the final velocity of the hammer 
just before striking was the same. Records were made of the touch 
and tone of reputed pianists, and it was found that the dififerences 
of tone were obtained only by alterations of the amplitude, and 
in every case the tone could be matched exactly by the mechanical 
striker, even when it was set for different forms of striking. The 
trained pianist can, of course, make use of various combinations of 
tones and dynamic emphasis, but he cannot be distinguished from 
the novice when striking only one single note Actually the pianist 
can do nothing to vary the tone except to vary the final hammer 
velocity, and in so doing he inevitably vanes the loudness too. 
The quality varies, of course, with the loudness and register. 

Fieheriee Notes ^ (M. V. L.) 

The Herring Industry of our coasts is steadily declining. The 
first report of the commission appointed for its investigation con¬ 
tains far-reaching proposals for its re-organisation. The fall of 
trade is largely responsible, but even more important is the fact 
that changing circumstances have placed the fishing fleet as a whole 
in acute financial distress. It is the same with the curing section 
of the Industry, and the home market for herring in aU forms is 
steadily declining. Under modern conditions it is impossible for 
the old system of individual ownership to work, for even if the 
catches of the last years had reached pre-war dimensions the number 
of boats is far too large. It is proposed that a Herring Board be 
established with jurisdiction over all the Herring fishings of the 
United Kingdom, assisted by eight Area Committees and by Panels 

1(1) Fust Report, The Herring Industry, Sea-Fish Commission for th© 
United Kingdom (London : H M. Stationery Office, 1934. 9d. not.) (2) The 

Value of Hemng as Food (Ministry of Agriculture and Fisheries, Fisheries 
Notice No. 4). (3) Size Limits for Fish and Eegulattons of the Meshes of 

Fishing Nets (Cons. Perm. p. TExpl. do la Mer. Rapports et proc^vorbaux 
des Reunions, vol. XC, Copenhagen, 1934 (Kr. 8.00) ). (4) Report of Dele¬ 
gates of the United Kingdom of the 27th Meeting of the International Council 
for the Exploration of th© Sea, held m Copenhagen from June 4-11, 1934. 
(6) Sea Trout of the Montrose District. By Q. Herbert Nall (Fisheries, Scot- 
laodt Salmon Fish., 1984, No. 111. (H.M. Stationery Office, 1934. 8s. 6d« 
net.) 
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representative of the respective sections of the Industry. Primarily 
the function of the Board would be to create a framework of organi¬ 
sation Tvithin the Industry which would present scope for individual 
initiative but at the same time enrol all sections in a concerted 
effort to restore economic stabiUty as a whole. This would rest 
largely on a system of licensing of boats, fishermen, salesmen, curers 
and kipperers with thorough supervising of the fishing fleet. 

To increase home 'consumption special attention is given to 
kippering and the proposed establishment of a National Mark, thus 
enabling the consumer to be certain of the best, and a leaflet on 
the value of Herring as food is issued with many recipes for cooking 
this excellent fish. The cost of I lb. of first-class protein is obtained 
from Herring for 3«. 6d. whilst the same amount from beef, eggs 
and mutton is 6«. 4d. to 6a , 7a. 6d. and 8a. Id. respectively. A 
substantial increase in home consumption would be of the greatest 
possible help to this hard-pressed Industry. On the whole the 
report has been favourably received by the Industry, though certain 
sections of it—notably the curers—do not favour the recommenda¬ 
tions put forward. 

The meeting of the International Council in June was specially 
interesting, the most important subjects raised being the regulation 
of size of mesh in the trawl nets, and the imposition of a size bmit 
for food-fishes which may be landed for sale. Delegates from nearly 
all countries concerned took part in the discussion. It is found 
that with an increase of size of mesh of the bag or cod-end of the 
trawl not only do a large number of small food-fishes, particularly 
round-fishes, escape but a larger proportion of marketable size are 
caught. Already in Great Britain the size of the mesh has been 
enlarged, and also in some other countries, and in most there is 
a fixed minimum size for the capture of the more important food- 
fishes. The conclusions of the Committee are that it is important 
for the maintenance of the stock that measures to prevent waste 
be taken by all countries fishing in the waters included in the 
Council’s investigations, and the most useful measure of control 
will take the form of prevention, as far as possible, of the capture 
of young fish below the size at which they can be sold at a remunera¬ 
tive price for the food of man. Appreciable protection of young 
round-fishes, in the case of the trawl net and Danish seine, can be 
secured by regulating the size of mesh of the cod-end. It is recom¬ 
mended that the minimum mesh be employed that is already en¬ 
forced by the British Government, and that size limits should also 
be imposed both for flat-fishes and round-fishes, there being no 
way of regulating the mesh for flat-fishes which would not also 
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release round-fishes of a larger size. These proposals do not apply 
to Herrings, Sprat, Pilchard and Mackerel. As to the question of 
the destruction of fish-fry by the nets of small mesh used for prawns 
and shrimps, it was agreed that when the nets are shown to be 
unduly destructive they should be regulated by each country in 
the light of local conditions. 

In conclusion the Council stated that it was convinced that, with 
a view to ultimate solution of these questions, it is essential that 
each Government should arrange for further observations to be 
carried out by competent observers, not only in research vessels, 
but also in commercial vessels and in the fish-markets. 

In his paper on Sea-Trout, Mr. Nall continues his series of re¬ 
searches. The present work deals with the Sea-Trout of the Mont¬ 
rose District, which seem to fonn a natural group distinguished by 
definite characteristics from those north of Aberdeen, and those of 
rivers to the north such as the Tay. Most of them migrate after 
three years of parr life, the sea-growth being good though less 
rapid than in the Scottish types. Most of the fish begin to spawn 
in the second winter of migration. There are indications that the 
Sea-Trout kelts may sometimes start growth whilst in fresh water. 
Old Sea-Trout are rare on the oast coast of Scotland, but one, the 
oldest in the collection, had survived 10 winters and was in its 
eleventh summer since hatching. 

Tropical Disease (P. J.) 

In the Annual Report of the Calcutta School of Tropical Medicine 
and the Carmichael Hospital for Tropical Diseases, 1933, details of 
the year’s work are set out and offer most interesting reading. It 
is not possible in a short notice to review the activities of all these 
twenty-five departments, but special notice may be given to the 
bacteriological investigations on Vibrio cholerce, of which 704 strains 
were isolated from 430 cases admitted to the Carmichael Hospital. 
These strains were examined for smoothness and roughness, nitroso- 
indol reaction, haemolysis of human red cells, lysability by cholera- 
phage, and for agglutinability or non-agglutinabiUty by standard 
cholera high-titre sera. A full report of this valuable investigation 
is being prepared for publication; the chief result has been the 
establishing of the aetiological relationship to cholera of the so-callpd 
non-agglutinating vibrios. Of equal importance is the account by 
Lieut.-Col. Knowles from the protozoological section, where further 
research has been made on monkey {SUenua irua) malaria (P. 
knowleai). This organism is very fatal for monkeys and can be 
readily transmitted to man, whereas it is the rule that human 
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malaria cannot be transmitted to the lower apes. Studying the 
relative toxicity and curative doses of different drugs in monkey 
malaria it was found that monkeys of 3-4 kilos could withstand 
H gr- of quinine intravenously but 2 gr. usually caused death. If 
quinine is given intramuscularly only small doses (2 gr. in c.c. 
of water) should be given ; large doses so damage the tissues that 
less quimne is absorbed. Atebrin is more oflicacious than quinine, 
the parasite count falling to negligible values in twenty-four hours ; 
relapses are the rule, but these are readily amenable to a second 
treatment with atebrin. With experimental infections in animals 
there is a very rapid recovery of the eiythrocyte count. Much 
valuable information was obtained by the use of an air-conditioning 
chamber, whereby the various Calcutta seasons could be artificially 
reproduced and the infection rates of experimentally infected mos¬ 
quitoes could be studied, by serial sectioning and dissection. It 
was found that at 50° F. and all humidities between 60 and 100 
per cent, no infection was obtained with any species. The kala 
azar inquiry is full of great interest, especially with regard to the 
amemia produced and the values of various therapeutic agents used 
in the treatment. The bionomics of Phlebotomus argerUipes and 
the effects of larvicides forms another valuable section. The whole 
report is a noteworthy acquisition to the knowledge of tropical 
medicine in India and reflects great credit on the organisation and 
industry of the Calcutta school. 

In his “ Essay-Review of the Work done by the Calcutta School 
of Tropical Medicme during the years 1920 to 1933,” and published 
as an appendix to the 1933 report—Lieut.-Col. Knowles presents a 
most interesting and valuable survey of the activities of this school. 
In an historical r6sum6 which follows on the earlier report of Sir L. 
Rogers, its remarkable growth in importance is traced in detail and 
makes a wonderful record of a great hygienic institution, centre of 
medical research and postgraduate school. In the 168 pages are 
condensed the results of ten years’ work in the many different 
departments, investigations on kala azar. Oriental sore, malaria, 
bacteria] and amoebic dysentery, sprue, cholera and bacteriophage, 
intestinal helminths, hookworm, filariasis, leprosy, etc. Each sub¬ 
ject is studied from epidemiological and climatical points of view, 
especially in relation to transmitting hosts ; there are also discus¬ 
sions on the relative values of different drugs used in the treatment 
of these conditions and their reactions on experimental animalB. 
This crowding together of such a mass of facts approaches the form 
of a catalogue and does not make easy reading ; many points would 
greatly benefit by expansion, and short summaries at the ends of 
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flections would be useful. The general medical reader ia not well 
versed in Indian geography and would be much helped by maps of 
country showing the districts where the diseases prevail. For 
students of tropical medicine the report will be essential. An index 
would be most acceptable for reference purposes. 

Miscellanea 

The New Yeir Honours list included the following names : 
O.C.B.: Sir Josiah Stamp. K.C.M.G.: Dr. A. C. D. Rivett, 
deputy-chairman of the Council of Scientific and Industrial Research, 
Commonwealth of Australia. Knights : Dr C V. Boys—^physicist; 
Dr. Cyril Fox, director of the National Museum of Wales ; Dr. 
J. B. Orr, director of the Rowett Institute of Research in Animal 
Nutrition, Aberdeen ; Prof. E. B. Poulton, emeritus professor of 
zoology in the University of Oxford , Dr. J. D. Sutherland, lately 
assistant forestry commissioner for Scotland. C M Q.: Prof. F. L. 
Engledow, professor of agriculture in the University of Cambridge. 
C.B.E.: Dr. E. J. Allen, director of the Plymouth Laboratory; 
Mr. C. C. Hawkins, lately superintendent of the Department of 
Technology, City and Guilds Institute ; Dr. J. S. Plaskett, director 
of the Astrophysical Observatory, Victoria, Canada. 0 B.E.: Mr. 
G. W. Austin, principal scientific officer, R N. Torpedo Factory, 
Greenock. 

The Nobel prize for chemistry for 1934 has been awarded to 
Prof. H. C. Urey of Columbia University, New York, who first 
detected the existence of “ heavy ” hydrogen by means of its 
spectrum. 

Prof. E. V. Appleton has been elected to be a corresponding 
member of the Prussian Academy of Sciences. 

The Gold Medal of the Royal Astronomical Society has been 
awarded to Professor E. A. Mihie, Rouse Ball professor of mathe¬ 
matics in the University of Oxford. 

The Wollaston Medal of the Geological Society has been awarded 
to Sir John Flett, director of H M. Geological Survey, the Murchison 
Medal to Prof. E. B. Bailey of the University of Glasgow and the 
Lyell Medal to Prof. D. M. S. Watson of University College, London. 
The Duddell Medal of the Physical Society has been awarded to 
Dr. W. E. Williams and the Buchan Prize of the Royal Meteoro¬ 
logical Society to Dr. F. J. W. Whipple. 

We have noted with regret the announcement of the deaths 
of the following well-known scientific workers during the past 
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quarter: Dr. N. E. Brown, botanist; the Rev. A. H. Cooke, zool- 
(^ist; Prof. O. D. Chwolson, formerly professor of mathematics 
at St. Petersburg ; Dr. P. A. Dixey, F.R.S., entomologist; Prof. 
R. B. Dixon of Harvard, anthropologist; Sir Alfred Ewing; 
Sir Horace Lamb ; Dr. J. W. Leather, agricultural chemist; Prof. 
K. von Linde of Munich, famous for his work on refrigeration and 
the liquefaction of gases ; Rev. S. A. McDowall, senior science 
master at Winchester; Prof. S. P. Mulliken of Massachusetts, 
organic chemist; Prof. Santiago Ramon-y-Cajal, For. Mem. R.S., 
anatomist; Prof. W. de Sitter, du’ector of the Leiden Observatory ; 
Prof. T. Smith, For. Mem. R S., pathologist. 

Prof. W. W. Watts has been elected president of the British 
Association for the year 1935. The Association will meet at Nor¬ 
wich during the week Sept. 4-11. The following is a list of those 
who will preside over some of the Sections : A, Dr. F. W. Aston ; 
B, Prof. W. H. Haworth ; C (Geology), Prof. G. Hickling; D 
(Zoology), Prof. F. Balfour Browne; E (Geography), Prof. F. 
Debenham ; H (Anthropology), Dr, Cyril Fox ; I (Physiology), 
Prof. P. T. Herring , K (Botany), Mr. F. T. Brooks ; M (Agricul¬ 
ture), Dr. J. A. Venn. 

An Imperial Botanical Conference, commencing on August 28 
and lasting two to three days, will be held in London this year. 
The subjects set down for discussion are of general interest to Empire 
botanists and include such topics as pasture research within the 
Empire, the ecology of tropical forests, the appheation of ecological 
methods to the study of native agriculture, problems of fruit storage 
and transport with special reference to tropical conditions, the 
furtherance of schemes for the closer co-ordination of botanical 
research within the Empire, etc. The Chairman of the Organising 
Committee of the Conference is Sir Arthur W. Hill, K.C.M.G., 
Director of the Royal Botanic Gardens, Kew, and the Hon. Secretary 
is Prof. W. Brown, Imperial College of Science and Technology, 
South Kensington, London, S.W.7, firom whom further particulars 
may be obtained. 

The Annual Congress of the South-Eastern Union of Scientific 
Societies will be held at Bournemouth during the period Jime 26-29 
under the presidency of Prof. A. C. Seward. 

The Report of the Water Pollution Research Board for the year 
ending on June 30, 1934 (H.M. Stationery Office, 9d, net), refers 
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to the serious effect of the drought, not merely on the quantity, 
but also on the quality of the water in rivers and streams into 
which trade effluents and sewage are discharged. It is pointed 
out that the increasing demands of the community in future years 
are likely to render it necessary to draw more and more water 
from polluted sources and that it is therefore urgently necessary 
that means should be discovered for the treatment of various 
trade effluents at a reasonable cost. For example, the effluents 
from dairies and milk product factories may seriously affect rivers 
and streams into which they are discharged and may be many 
times as strong m polluting character as domestic sewage. This 
problem is of particular importance at the present time owing to 
the expansion of the milk industry and the increase in the number 
of large centralised factories and milk collecting and distributing 
depots. The Board has investigated the matter and believes that 
means have been discovered whereby the effluent can be purified 
before it is discharged. The work has reached the stage at which 
large-scale tests are necessary, and the industry has been given the 
opportunity of co-operating both technically and financially in the 
further investigations which are desirable. 

The Journal of Research of the National Bureau of Standards 
(Washington, D.(J.) for November contains a paper by Hoffman 
and Roeser on the determination of the freezing-point of gallium. 
The metal appeared to have a low thermal conductivity and under¬ 
cooled very readily (sometimes remaining liquid at temperatures as 
much as 16° C. below the F.P.) so that the usual heating and cooling 
curve method could not be used. Consistent results were, however, 
obtained by observing the steady temperature of a mass of the 
metal, half solid, half liquid, when surrounded by a water bath 
maintained at various constant temperatures within a range of 
01° C. higher and lower than the F.P. Their final value was 
29-780 ± 0 005° C. for samples of the metal purified by J. 1. 
Hoffmann by methods described in the Journal and containing 
less than 0-001 per cent, of impurity. The F.P. was not affected 
by the presence of the oxide which is therefore probably insoluble 
in the pure metal. 

The January number of the Bell Laboratories Record contains 
an interesting paper by Dr. Harvey Fletcher on the relationship 
between the pitch and frequency of a musical tone. It is usually 
stated that the pitch of a sound, i.e. its position on the musical 
scale, is determined only by the frequency of the vibrations pro- 
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ducing it (or by the predominating frequency in the case of a com¬ 
plex tone) although it is obvious that experiments with a Bavart 
toothed wheel or a siren give only a very approximate indica¬ 
tion of the truth of the h}rpothe8is. Dr. Harvey Fletcher has 
investigated the relationship between the two quantities for pure 
and complex tones of varjdng degrees of loudness with the highly 
developetl technique of sound production and measurement avail¬ 
able in the Bell Laboratories and has shown that pitch is a function 
of loudness as well as of frequency. In makmg the comparison 
a loudness level of 40 decibels was taken as standard and it was 
found, for example, that a pure tone of frequency 262 v.p.s. and 
loudness level 80 decibels gives a note of the same pitch as another 
of frequency 238 7 v.p.s. and loudness level 40 decibels. 

The effect varies with the frequency and reaches a maximum 
for frequencies in the neighbourhood of 185 vibrations per second 
(about F sharp below the middle C), in which part of the scale 
an increase of loudness from 40 to 90 decibels lowers the pitch 
almost a full tone (014 octave). For frequencies near the lower 
audible limit (16-32 v.p.8.) and within the octave 1060-2100 v.p.s. 
the variation is negligible ; for higher frequencies increase of loud¬ 
ness increases the pitch very slightly. For complex tones the 
effect is not so well marked, e.g. while a pure tone of frequency 
200 V p.s. is lowered 016 octave when the loudness level rises 
from 40 to 100 decibels another built up of frequencies 200, 400, 
600, 800 and 1000, each of the same intensity, dropped only 0 03 
octave for the same change of loudness. During the course of the 
investigation it was found that the addition of overtones to a 
pure tone increases the loudness level much more than would be 
expected from the increase in the intensity (rate of flow of energy) 
produced. 

The discovery that pitch depends on loudness makes it neces¬ 
sary to define precisely what is meant by the pitch level of a tone. 
This Dr. Fletcher takes as the frequency level of a tone of 40 decibels 
loudness which is judged equal to it in pitch. For frequency 
levdt the octave is taken as the unit and the frequency level F 
of a pure tone of frequency n is defined by the expression 2^ «« 
n/16-36, i.e. F — 3-321(logi, n — logio 16-36). The frequency 16-36 
is taken as the datum level because it is that of the C nearest the 
audible limit of frequency. It is, in fact, four octaves below middle 
C (262 v.p.B.). 
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UniverHity Collogo, London. Being a review of Scientific Theory 
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University Press. 1933, 25s. net); God and the AetronomerSi 

by William Ralph Incje, Dean of St PauPH. jpp xi -f 308] (London: 
Longmans. Green & Co . 1933. 12s. 6d. net); Limitationa of 

Science, by J. W. N. Sullivan, [pp vi + 303] (London : Chatto & 
WinduH,1933. 7a. 6d. net.) 

“ And have not the processes of measuring and counting and weighing 
made thoir ap{K^arance most agreeably to aid us in dispelling these tricks 
of fancy, and to overthrow within u.h the power of vague notions of degrees 
of magnitude, quantity, and weight, and estfiblish the control of the principle 
which has calculated or rnt^asured or weighed ? 

“ Undoubtedly.** Plato. Republic, 

“ But I am only too well aware that, if we admit the existence of realms 
which science has not conquered, wo give to ndigious quacks and obscuran¬ 
tists domains where only too probably they will house superstition.*’ 

The Bishop of Birmingham. 

The attainment of spiritual grace has at all times been an arduous 
and difficult task. It has involved isolation, fasting, living on the 
tops of pillars, and other even more peculiar methods of mortifying 
the flesh. But all these processes were ancillary to the main activity 
which was inner contemplation. The demands made on the know¬ 
ledge of the neophyte were few : familiarity with the writings and 
sayings of certain persons held to have had a more than ordinary 
share of human wisdom; an acquaintance with those processes 
of doubtful logic which medieval scholastics regarded as proofs of 
theism ; and for such problems as were not either purely imaginary 
or purely grammatical, a recourse to the aU but omniscient Aristotle 
whose disquisitions on the external world were held as hardly less 
infallible than those of the saints on the internal world of the soul. 

But aU this has changed; a pious ignorance is not sufficient. 
A new horror has been added to a path already steep and thorny 
enough. And this because the modernists among our churchmen 
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are beginning to agree that the knowledge provided in ever-inoreasing 
amounts by the prosecution of the scientific method can neither be 
ignored nor refuted and must therefore be assimilated with as good 
grace as possible. In fact, Dr. Barnes, to whose enlightened views 
the Church in this country owes so much, quotes with evident 
satisfaction a statement by another distinguished modernist, the 
former Dean of St. Paul’s, to the eflect that “ The right starting-point 
for theology is to examine the conception of the world as known to 
science.” 

The full implication of this dictum can be realised by a glance 
at some of the headmgs to paragraphs in the Bishop’s Gifford 
Lectures in which he sets out to perform this examination, as far, 
he says modestly, as “ my ignorance wiU permit.” Paragraph 33 
is “ Consideration of Lobatchewskyan or hyperboho plane geo¬ 
metry ” ; § 105 is “ Minkowski’s world. Time and proper-time. 
The ‘ four-velocity ’ and ‘ four-acceleration ’ vectors ’ ” ; § 186 

“ The nature of entropy ” ; § 209 Wave-mechanics and the Bom- 
Dirac calculus ” ; § 275 ” Star-streaming, and differential galactic 
rotation ” ; § 340 “ Dicotyledons and monocotyledons ” ; § 349 

“ Parthogenesis; haploid males and diploid females. Artificial 
parthenogenesis ” ; § 632 “ Religious ecstasy must be subject to 
morality and reason ” , § 490 “ The Self as Ego,” and so on. Truly 
the way has become steeper and narrower and many there are that 
will fall by the wayside ! And yet these lectures ” set forth only 
such new knowledge as ought (apart of course from the mathe¬ 
matical reasoning by which it is reached) to be familiar to, and a 
background for the belief of, a well-educated man.” Dr. Barnes is, 
however, sufficiently practical to add “ but it is not probable that 
the ideas here presented will be absorbed into the general conscious¬ 
ness of the community before several generations have passed.” 

This groat treatise of nearly 700 pages is, then, an attempt 
to understand, in the words of its sub-title, ” The World described 
by Science and its Spiritual Interpretation.” The Bishop’s own 
standpoint is that of moderate realism : he believes in a physical 
world existing independently of any human mind, but this external 
world is not necessarily the world as conceived by humanity: 
“ Though it is not constructed by my mind my supposed knowledge 
of it is the construction of the general human mind. We can only 
believe that we have some, not entirely inaccurate, knowledge of 
the external world as it really is, as it is known to God, if we make 
the further assumption that our minds are akin to the Divine Mind; 
or, in other words, that there is some ground of unity between 
man and God ” (p. 7). And later “ The extent to which we frame 



THE LIMITS OF SCIENCE 731 

true ideas is a measure of our capacity to ‘ think the thoughts of 
God ’ ” (p. 9). Clearly Dr. Barnes holds very complex views in 
epistemology, but as these are only introductory remarks, the startled 
scientist must push on and hope for further enlightenment. 

The emphasis on geometry in the first two himdred pages is 
essential to the Bishop’s scheme, since he attempts to use geometry 
as an example of the limitations of scientific knowledge in two ways. 
First to show that Ai'e are never free in science from possible errors 
of perception, i.e. although Euclid’s geometry was taken as true 
for so long, there are really many self-consistent systems of geo¬ 
metry, and we are at pains to discover which fits the real world 
most successfully. And secondly, he is anxious to make it clear 
that even in an almost perfect science like geometry we do not got 
complete insight into the nature of space. The reader will, however, 
probably feel that these points could be treated more generally 
(and much more happily). For instance, if instead of two himdred 
pages of abstruse geometry, twenty pages wore given to the explana¬ 
tion of the difference between & fact and a hypothesis and the criteria 
used in choosing between different theories, the reader would then 
understand the difficulties and limitations of science and all clear 
thinking. 

Dr. Barnes’s second point is also rather unfortunate, since space 
is not an objective entity and not therefore directly observable 
or measurable. The fact that our knowledge of “ no-thing ” is 
nothing is hardly a convincing argument for the Umitations of 
science! 

However, let us now embark with the Bishop on a voyage 
through the vast sea of knowledge wliich has accumulated up to 
the present time. The Bishop being, as he says, a moderate realist 
we start naturally with matter. In defining matter he dwells only 
on its chief metrical characteristic—inertia. And here at onoe we 
find confusion between facts and hypotheses. He states that the 
mathematical physicist, following Galileo and Neivton, says that 
“A body (».e. a piece of matter) removed away from all other 
bodies would continue in a state of rest or of uniform (i.e. steady) 
motion in a straight line.” This, Dr. Barnes says, “ must be 
regarded as an experimental fact ” (p. 16). But clearly this is an 
extrapolation from experience and not a very obvious one ^: it has 
not been, and by its nature is hardly likely to be, confirmed by 
experiment and is therefore a hypothesis and a very compUoated one. 
Since, however, the whole of Newtonian mechai^cs is built on it, 

^ Sir Arthur Eddington shows this very delightfully in The Nature of the 
Phyaieai WorU, p. 128 . 
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it is Tifiually dignified by being called the Principle of Inertia : but 
it may be false nevertheless. 

In continuing his account of matter the author presents very 
lucidly the salient features, and references to Poincar^ and Mach 
show that he has not accepted the Newtonian system uncritically. 
In dealing with the definition of time, however, he says, “ The 
beats of an ideally perfect pendulum are of equal duration. This 
is a fact which can be verified experimentally by comparing the 
motions of pendulums of different lengths placed near together: 
it can also be deduced from physical theory.” This seems to be 
another over-simplification, and confusion, this time, between 
experimental facts and definitions or conventions. The experiment 
with the pendulums unfortunately proves nothing at all about 
duration until we have defined eqwU intervals. It is true that a 
pendulum under certain conditions should beat equal intervals of 
time according to Newtonian theory; but since the theory is founded 
on exjwriments which did, in fact, necessitate this assumption 
(Galileo used his pulse ') for their interpretation, this is not very 
satisfactory, and it seems preferable to put it frankly and simply 
in the form of a definition—“ Equal durations of time are given 
by the beats of a pendulum ” (with certain specified conditions).^ 
Upon such a definition a consistent scheme can be evolved uniting 
both stellar and ‘ local ’ motions. 

It is on ‘ space,’ however, that Dr. Barnes really lets himself go. 
As a distinguished mathematician, he is able to deal fully with 
the different geometries that result from the three possibilities of 
Playfair’s Axiom, viz. that from a point outside a straight line, any 
number of coplanar straight lines, only one, or none, can be drawn 
so as not to cut the first line. This forms an excellent introduction 
to the theory of relativity in the development of which the author 
follows Levi-Civita. It is noticeable that the problem of absolute 
rotation is not avoided as it is by most relativists, and the author 
agrees with Mach’s suggestion that the distant stars are the causes 
of the bulging at the equator of rotating bodies. At any rate this 
is a preferable hypothesis, since if we must have ‘ causes ' (and it 
seems that a dynamical view of nature is not humanly possible 
without it), it is better to have ones that we can keep an eye on, 
i.e. ones which can be observed and measured rather thuTi ones for 
ever unobservable like Newton’s absolute space. This epistemo¬ 
logical criterion applies, of course, equally well to the use of space¬ 
time as a cause, but the Bishop fails to avoid this pitfall—a common 
error among relativists with the great exception of Einstein him- 

^ Sir Arthur Eddington is, I believe, in agreement with this view. 
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self.^ Spaoe-time is no more an objective entity than Newton’s 
absolute space—“ space and time are merely the observer’s dissection 
of that reality which is the change in the observed mutual relation¬ 
ships of observed material particles ” as Milne has pointed out.* 

In turning to the experimental ‘ proofs ’ of the theory of rela¬ 
tivity it is refreshing to find a critical account which does not make 
it appear that its predictions have been confirmed exactly. The 
author points out that the problem of two bodies in relativity 
is as difficult as the problem of three bodies in Newtonian meohanics, 
and consequently in the calculation relating to the precession of 
the perihelion of Mercury the sun has to be treated as a particle 
and the planet must have no mass at all. If this is done the dis¬ 
crepancy existing between Newtonian theory and fact is “ almost 
accurately eliminated.” Similarly the bending of light round the 
sun is “in fairly close agreement ” with calculation. The spectral- 
shift test is “ so far not decisive.” The difficulties in connection 
with the conservation of energy and momentum are abo well brought 
out. Finally the Bishop ends a masterly survey with a note of 
caution—“ The qualitative distinction between space and time which 
is always present in common thought may correspond to some¬ 
thing in the character of the Universe which eludes the physicist’s 
measurements. In fact, the limitations of purely quantitative 
analysis must never be forgotten ” (p. 192). 

The next two hundred pages are devoted to an exposition of the 
electrical theory of matter, heat and light, quantum theory. X-rays, 
and astronomy. In discussing the second law of thermodynamics 
and the probable end of the universe. Dr. Barnes insists that, so 
far, we have no evidence against such a conclusion, although there 
may be places in the cosmos where this law is reversed, possibly 
in cycles of time. He is moved by this, and by the difficulty in 
accounting for the original state of ‘ wound-up-ness ’ to conclude 
that “ God lies behind phenomena.” 

The apparent loop-hole for free-will supplied by quantum 
theory and the imoertainty principle, is disoussed, and use is made 
of lindemann’s suggestive approach to the subject: the Bishop, 
however, does not place much reliance upon it—“ mind and spirit 
belong to the psycffical realm ” (p. 310). The habitability of the 
planets and other portions of the universe are examined in the 
chapter devoted to astronomy, and the conclusion arrived at is 
that Mars and Venus may have some form of life, and that life 
probably exists on other planets elsewhere in the universe; but even, 
“if it should in time be demonstrated that the solar system is 
* Until recently, at any rate. * £. A. Milne, Nature, 1932, p. 701. 
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probably unique in the cosmos, I think that such uniqueness would 
be no satisfaction to the religious man who was told that the origin 
of the system lay in the chance encounter of two stars. To ascribe 
the source of this earth and, consequently, of life upon it to mere 
chance would undoubtedly offend religious sentiment.” 

In connection with cosmic rays Dr. Barnes considers that it is 
not “ wholly fanciful ” to suppose that perhaps among the rays 
we receive, are measles from beings in a higher stage of evolution 
than ourselves. 

This great survey of the world as known to the physicist con¬ 
cludes with a reluctance to bring in God in order to pull the trigger 
or to fill gaps in deficient human knowledge—“ It is because through¬ 
out the physical universe I find thought and plan and power that 
behind it I see God as creator. More sequences are ultimately 
unintelligible : causation, apart from the will of God is, as Hume 
found it, obscure. The laws which the physicists discover may be 
mainly statistical: but to me they disclose the operation of the 
Divine will ” (p. 410). 

On looking back, the reader will probably be surprised that 
nearly two-thirds of these lectures are given up to physical science, 
especially as the author himself says (p. 180), let us not forget 
that the only foundation for any belief in God worth preserving 
must be discovered, not in inanimate nature but in that moral 
order, emergent through animate nature, from which man’s spiritual 
longings have been derived.” 

Let us turn now to the facts and theories of biology. Dr. 
Barnes starts with a fascinating outline of our present speculation 
regarding the origin of life and of our inferences from the record 
of the rocks. He rejects a sudden creation of primitive forms of 
living matter because such an occurrence “ does not accord with 
what we know of Divine action in the cosmos. We do not meet 
with what we may call visible creative acts : new (hinge rather emerge 
within and through the natural order ” (p. 412). Nevertheless, this 
“ miist be regarded as a sign of creative activity ” (p. 419). The 
extinction of species, often highly specialised—that “ unnecessary— 
even scandalous—waste ” the Bishop finds perplexing. The 
scientist notes that it is a difficulty created by the type of hypo¬ 
thesis employed, i.e. that the universe was created for a purpose. 

Early in the next chapter on ” The Evolution of Plants and 
Sex ” a similar self-made difficulty appears. Referring to fungi 
which apparently swarmed in the Early Devoxiian period, the 
author observes : “ The fungi remain among the most troublesome 
of our parasites in field and garden: as parasitic pests they can 
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boast a pedigree of more than 300 million years ! The problem of 
evil, in fact, is much older than the Garden of Eden/' And yet 
they are doing no more than does the Bishop when he orders a cup 
of tea—trying to keep body and soul together. And this is evil! 

In discussing the ways of ants and bees and their social organisa¬ 
tion, Dr. Barnes disagrees with Bergson and the generally accepted 
view that we are here dealing with instinct and not inteUigenoe. 
But in his argument he uses the word instinct in a way with which 
no biologist or psychologist would agree. He says that, Instinct 
develops when we have thoroughly learned a lesson, e.y. to drive a 
motor-car ; and also when, in our hereditary make-up, we carry 
knowledge which our ancestors have been able to transmit. But 
we need intelligence to learn a lesson, and without inteUigenoe we 
can hardly acquire new knowledge to hand on to our descendants " 
(p. 456). The handing-on of acquired characteristics is still a matter 
of hot dispute, to say nothing of knowledge ! After the careful 
presentation of the world of physics the looseness of this phrase¬ 
ology is very striking. The chapter ends with a very unusual 
treatment of the * problem ' of the Virgin Birth which must be 
quoted fully : 

I have, personally, httlo doubt that biological research will m due 
course prove a Imman virgin birth to bo possible. Probably the individual 
so produced would be haploid, with but half the normal number of chromo¬ 
somes, and the chances are that its sex would be male. But whether haploid 
or normal, male or female, it would vary little from the normal mental and 
emotional make-up of the human race. What exactly is meant * by breaking 
the entail of am ’ I do not know . my imagination fails when a metaphor 
derived from our land laws is applied to a mixture of biology and theology. 
But there is no reason to behove that a human being produced by partheno¬ 
genesis would lack normal appetites and passions. Biological parallels indi¬ 
cate that, if haploid, such an mdividual would probably be of sub-normal 
physical development. I do not personally think that such development 
could be * oongnious with ’ the Incarnation, though Kendol Hams in on 
ingeniouB investigation has adduced some evidence to show that Jesus of 
Nazareth was below normal height. It may be added that, if the story of 
the Virgin Birth be rejected, Jesus will remam, os 8t. Mark implies, the son 
of Jos^h and Mary. W© should then know of nothing in His ancestry to 
explain the moral ascendancy and religious genius which were undoubtedly 
His. These quahties might be held to result from a dominant mutation: 
and if all mutations aro to be regarded as manifestations of the creative 
activity of God, the spiritual excellence of Jesus would be from God *’ (p. 458). 

The lectures continue with a brilliant account of the evolution 
of animals and of the Mendelian theory. Most readers will find 
this lecture, which is illustrated with many fascinating examples, 
the most interesting and oonvinoing in the whole series. In dealing 
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with the machinery of evolution, Fisher’s views resulting from 
statistical analysis of mutation frequencies, are emphasised, m. 
that although the occurrence of mutations is essential, the effective 
causes of evolutionary change lie in the interaction of the oiganism 
and its environment. But needless to say, it is the obvious non- 
moral character of the evolutionary process and mechanism of 
inheritance which is,- for the Bishop, a fundamental source of 
perplexity—“ They have led to odious parasitism, to the carnage 
of the jungle, to the microbic diseases which cause such suffering 
to humanity, to those animal appetites which are useful in the 
struggle for survival, and are the basis of sin in man. This, the 
immoral, brutal, lustful side of creation is as characteristic as the 
parental self-sacrifice, the adventurous curiosity, the instinct for 
truth, the enthusiasm for righteousness, the beauty of form and the 
physical well-being which equally result from the evolutionary 
process.” In the end, he can only conclude that ” Its apparently 
non-moral character must be with His permission.” 

And hero again, the scientist notes how hypotheses have to be 
multiplied in order to support a complex theory when a simpler 
one would suffice. The absolute mimmum of instincts necessary 
for the behaviour of living things are those of self-preservation and 
reproduction. Any theory of the universe which is forced to label 
one ‘ selfishness ’ and the other ‘ lust ’, and thus make the most 
outstanding, universal, and obvious facts ‘ problems ’ is clearly not 
satisfactory. The object of a theory is to account for the main 
facts—not to turn them into ‘ perplexities.’ 

In discussing the origin of man himself and his early beliefs, 
Dr. Barnes stresses the great importance of speech in the develop¬ 
ment of man’s superiority over other animals, and insists that 
“ since psychology was emancipated from theological prejudioe, 
the barrier formerly thought to exist between the mental pro¬ 
cesses of man and those of ‘ the beasts ’ has largely vanished ” 
(p. 542). 

The reader now prepares for a lecture on psychology and looks 
forward to seeing in what way the Bishop will manage to absorb 
the facts and theories of this science. It is now nearly four cen¬ 
turies since Galileo and Newton drove the theistic hypothesis out 
of the science of non-living bodies ; it is not quite a century since 
Darwin drove the theistic hypothesis out of the science of living 
bodies (the Bishop, as we have seen, would not quite agree, but 
admits “ fundamental perplexity ”), and the opposition to it has 
hardly died away yet; the result has been that this hypothesis 
has b^n driven for its chief support into the recesses of the human 
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mind. How will the Bishop treat this section of the scientific 
outlook ? 

But the next lecture is “ Scientific Theory and the Real World,” 
followed by “ God and Our Belief in His Existence,” “ Religious 
Experience,” “ Immortality,” “ Conclusion,” and an appendix 
proving that if o = A: and 6 is a constant, the partial differential 
equations 

+ *)> fc = 1, 2, . . . n 

when the coefficients belong to the metric of a space of constant 
Riemannian curvature K, admit an integral which also satisfies the 
equation 

au + b — u/2^ — K + 

Psychology, in fact, is hardly dealt with at all. The events of 
the external world have been submitted to 6.50 pages of scrutiny, 
analysis, and criticism, but the events of the ‘ internal world ’ are 
to be taken at their face value, apparently. And yet the real 
nature of our motivation is just as unknoivn to us as the reality of 
the external world, and it is just as imxierfectly reported to us 
through the data of consciousness as the external world through 
the indication of our sensory organs, as Freud has pointed out. 

If the Bishop limits scientific experiment and theory to the 
external world, the well-educated man for whom these lectures are 
written b entitled to ask why : especially as Dr. Barnes agrees with 
Hume’s criticisms of realism, vtz. that what we know is actually 
limited to the phenomena of consciousness. Why some of the 
events of consciousness which seem to be connected with the external 
world should be singled out for careful, critical, and dispassionate 
analysis and the rest accepted without investigation seems to 
require some justification. This justification is not explicitly given, 
but can, in part, be found lurking in a paragraph in the portion 
dealing with the worth of mystical experience. “ Experiment is 
impossible save with pathological mysticism induced by extravagant 
asceticism or drugs. With what we may call uncontaminated 
mysticism there is no possibility of creating a “ uniform repetition 
of likenesses,” to use Hort’s phrase; and such uniformity is the 
basis of the synthetic knowledge which science exists to organise ” 
(p. 624). 

Apart, however, from the difficulty of finding a criterion to 
decide when mystical experiences are ‘‘ uncontaminated,” this 
phrase of Hort’s seems to limit the activities of science quite 
unnecessarily. Ball-Lightning is a luminous sphere which occurs 

3b 



SOnSNOB PBOOBBSS 


738 

somewhat rarely during thunderstorms and travels about slowly, 
often following the edges of objects and entering windows, etc. 
It usually bursts with a loud report. Its nature and formation is 
not completely understood, but it is a legitimate object of science, 
and yet there is not the least possibility at present of “ creating a 
imiform repetition of likenesses.” Indeed, this is a difficulty with 
which meteorologists ^ constantly faced , but we do not give upi 
the application of the scientific method in meteorology just because 
it is difficult. Similarly, many of the facts upon which the theory 
of evolution is based are not even capable of repetition at all. 

The fact remains that careful, critical, dispassionate observation 
necessary to establish facts, and theories based on the minimum 
number of hypotheses and constantly checked by more experimen¬ 
tation ; in other words, the proper application of the scientific 
method, cannot be limited by catch-phrases such as “ Knowledge 
is measurement ” (p. 13) and Hort’s arbitrary criterion. 

As regards science and the ‘ real world,’ the Bishop is, it seems, 
a phenomenalist, and for the full implication of this view we are 
referred to Kirchhoflf, Mach, and Karl Pearson. Briefly, the view 
is that science deals only with observable sequences and statistical 
laws. He is led to agree with this view by the study of Hume’s 
treatment of causality, but his attitude to Hume is a curious one, 
in that he is convinced by many of his devastating criticisms of 
causation in the physical world, and yet ignores their equal applica¬ 
bility to psychical causation. (” Whenever conscious agents are 
active, efficient causes exist.”) Hume was not so naively anthropo¬ 
morphic as to find causation by the Will of God any less obscure 
than physical causation. 

The chapter on “ God and Our Belief in His Existence ” is one 
of the most interesting in the book. Dr. Bames deals with some 
of the older proofs once held to be convincing, and then develops 
the Berkeleian view upon which he relies most strongly. ” We 
pleaded in favour of a monistic view of the cosmos : it is rightly 
to be regarded as a unity, but as a duality in unity in which Uni¬ 
versal Mind or consciousness is the subject and the world of our 
intermittent perception is the object in the fundamental subject- 
object relation.' This position admittedly rests upon a postulate, 
an affirmation of faith, that such a relation of the world to Universal 
Mind is necessary, inasmuch as an object without a subject is 
imthinkable ” (p. 588). 

It is curious to find Dr. Barnes placing any confidence in an 
argument which isr related much more to the structure of grammaif 
than to that of the real world. Let us pass on to the Bishop’f 
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inferonoes from the fact that we make ethical judgments. How 
are we to eliminate erroneous judgments ? “ We must answer 

that the critical examination of its moral experience will in the 
end enable humanity to discover the moral law. In accordance 
with this postulate we construct an increasingly perfect system of 
ethical principles by a process of critical analysis which continu¬ 
ously removes the contradictions which arise from the different 
judgments of individuals. In the end we shall reach a system of 
moral principles which is objectively valid ” (p. 603). 

To the scientist this looks more like a pious hope than a system 
that compels acquiescence. Critical analysis does not necessarily 
remove contradictions ; it may enhance them. Dr. Barnes tries 
hard to show that moral judgments can have objectivity, and 
tries to liken this to the objectivity of the laws of nature; but in this 
he fails signally. ‘ ‘ It does not 'purport to be the private opinion 
of the subject who forms the judgment. It arises, of course, in 
his mind ; but it has a universal nature because all who judge cor¬ 
rectly will, it i» aaaumed, reach the same conclusion ” (p. 604, italics 
ours). Here, of course, the Bishop assumes what he sets out to 
prove; but this is a minor fault compared with the following para¬ 
graphs which Schoolmen of the Middle Ages could hardly have 
bettered; 

" Our conclusion that moral values are objectively vahd is strengthened 
by the fact tliat truth has a similar character. Thus neither truth nor moral 
value is merely subjective. Furthermore, our belief that truth is absolute 
can readily be seen to bo fundamental. For if it could be proved that truth 
had only significance for some individual, the proof would itself be a truth 
and its significance would therefore be similarly limited. Thus the assertion 
that truth has no objective validity carries within itself its own denial. From 
such considerations there arises the situation, embarrassing to the sceptic, 
that if all truth be relative the scepticism which denies the existence of 
absolute truth is itself relative. In brief, doubt of the absolute value of 
truth destraya itself. We cannot use a similar argument to demonstrate that 
goodness is absolute; but goodness and truth ore so allied in their nature 
that belief in the absolute value of the one predisposes to belief in the absolute 
value of the other ” (p. 604). 

We will only remark that, before even beginning to analyse 
tiliis, we should require a definition of truth, goodness, value and 
existing. Needless to say, in spite of the immense importance 
attached to these notions by the author, he nowhere attempts this. 
Yet definition is the starting-point of all the sciences, which is 
another way of saying that it is the sine qua non of all clear thought. 
That a brain that can master the first five hundred pages of this 
book, should be in such matters as this, in bondage to words and 
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entangled by the chains of 8]mtax, is sad indeed. The Bishop has 
failed, as all the greatest philosophers and theologians have failed 
before him, to make goodness and beauty objective. Opinions 
have varied from place to place and from time to time and show no 
signs of unanimity, so that to say that there is anything absolute 
about them seems to be tmwarranted. Truth, however, is a very 
different question, and as the scientist is directly concerned with it, 
it may, perhaps, not Be out of place to attempt a short defence of 
the attitude taken by most scientific men on this difficult subject. 

The words true and false clearly cannot apply to the world 
itself. Giraffes, as has been profoundly observed, just are. It is 
only our knowledge about giraffes that can be true or false. Of 
course, there is the story of the man who, on seeing a giraffe for 
the first time, said, “ I don’t beheve it! ” ; but such persons are 
not common, and we are discussing common knowledge. Our 
knowledge can be dissected into simple forms which are called 
propositions, and with care in the definition of the words making 
up the propositions, they can be put in such a form that they are 
capable of verification, i.e. a normal human being can adjust hims elf 
in such a way {e.g. by looking down a microscope, or by taking a 
drug, or by consulting documents, or by hearing testimony) that 
he will experience such events in his consciousness as the definition 
of the words in the propositions indicate. All definitions must 
ultimately refer back to events of consciousness, since it is only of 
these that we can be at all sure : if they do not, they cannot define 
objects of knowledge and have no meaning. 

It will readily be apparent from examination of this criterion 
that it will not yield complete certainty. This is fehiefly because 
it involves inferences, t.e. beliefs which are held instinctively 
(unconsciously) or by conditioned reflex and may never have been 
formulated in words at all (e.g. that memory is not always delusive). 
Nevertheless, they may be false. A logical inference involves words 
and is a proposition which is true if the propositions fiom which it 
follows logically are true. It follows logically if it is involved directly 
or indirectly in the definition of the other propositions, t.e. in their 
meaning. Mathematics is a branch of logic and can tell us nothing 
more about the world than is implicit in the definitions of the 
original assumptions. 

Facts are propositions that have had a very high degree of 
verification, e.g. water consists of hydrogen and oxygen. Such 
propositions may be said to be ‘ true ’ and the degree of their ‘ truth ’ 
varies with the degree of verification. 

Hjrpotheses are propositions which have so far not been verified, 
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but might conceivably be. Propositions which cannot conceiv¬ 
ably be subjected to verification are called Definitions or Con¬ 
ventions, e.g. a yard is the distance between two marks on a bar 
of platinum, etc. Hypotheses upon which important theories have 
been built are usually dignified by being called Principles, e.g. the 
principle of inertia, the principle of the uniformity of nature, and 
may, of course, be false. 

Theories are sets of propositions involving hypotheses and 
definitions which are invented to exhibit simple causal relations 
between facts. The practical value of theories is that they suggest 
further possible propositions which, on verification, become addi¬ 
tional facts and increase our ‘ true ’ knowledge of the world. But 
since theories rest on hypotheses their truth or falsity depends 
on whether all the hypotheses are true or not. Theories which 
require the least number of hypotheses are preferable, smoe each 
hypothesis, in view of the obvious limitations of human experi¬ 
ment and the immense complexity of the universe, is more Ukely 
to be false than true. This is the Principle of Parsimony or Occam’s 
Razor. 

Another consideration which throws groat doubt on the truth 
of a theory, is the possibility that perhaps the same facts could be 
accounted for equally well, or better, by some other theory. If 
such a theory can be produced, use is made of its heuristic properties 
in suggesting new propositions which can be verified by experiment. 
Such propositions are chosen, as will, on verification, decide between 
it and former theories. If they are verified, the former theories 
are shown to be false or incomplete, but the new theory may still 
have other rivals, for the reasons given above. It is for this reason 
that we have to admit that facta do not prove theories to be true, 
although they may show them to be untrue or in need of modifi¬ 
cation. Nevertheless, as the difficulty in thinking of any alternative 
theory increases, we are led to believe more and more in the truth 
of a given theory. The theory of evolution is a good example of a 
theory which can hardly be doubted for this reason: we are much 
more convinced by it than by the theory of relativity or the quan¬ 
tum theory. 

It is in such a way as this that the scientist deals with the 
difficult question “ What is truth ? ” It will be noticed that clear 
definition of words is essential, and it is just because this has not 
been done in the case of goodness and beauty, that the attempt to 
establish something absolute about them has always attracted 
philosophers and theologians. None the less, a great deal of light 
has been thrown on how we form ideas of good and evil acts by 
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anthropology, by the study of children, and by psyoho'analysis; 
but this is usually ignored by philosophers and theologians. Further, 
it is not beyond the limits of imagination to suppose that beautiful 
sights and sounds may one day be shown to depend, to a lai^e 
extent, on certain spatial and temporal relations. At any rate, 
there is no doubt that a distinction exists, for the scientist, between 
truth, and goodness and beauty. 

Concerning religious experience. Dr. Barnes holds that religious 
emotion, “ if it is not to be dangerous, must be severely disciplined 
by the reason ” (p. 628). This enables him to overcome difficulties 
with regard to inferences from mystical experience (which he admits 
are most often pantheistic, or, in the highest form, mere ‘ blank 
trances ’), and also to denounce, in no uncertain maimer, the 
revival of “ pagan sacramentalism.” As regards immortality, he 
reaffirms the view that “ Belief in God and belief in immortality 
must in the long run stand or fall together.” These considerations, 
together with the highly mathematical appendix, bring this great 
treatise to an end. And if it seems that in this essay we have been 
unduly critical, it must be pleaded that, at any rate, Dr. Barnes 
does give the scientist something to criticise. Would that the same 
could be said of other pillars of the Church, whose works consist 
almost entirely of arguments of the kind into which, as we believe, 
the Bishop occasionally lapses, which depend on syntax and lack 
of definition for their effect. 

Turning now to Dean Inge’s Warburton Lectures, we find him 
defining his position as nearer to reaUsm than to the idealists: 
” Reality, as 1 understand it, is constituted by the unity in duality 
of the mind and its objects. Mind does not create the intelligible 
world, nor is the intelligible world independent of the intelligence. The 
real world is a kingdom of objective ” forms,” which in the mind of 
God are the perfect counterpart of His own thought ” (p. 7). To the 
scientist it seems doubtful whether this view is nearer to realism 
than idealism ; in fact, he wonders if it enjoys proximity to anything 
intelligible. Here again, careful definition of the words is required 
to give meaning. 

With regard to the “ New Gdtterd&mmerung ” which will be 
brought about relentlessly by the second law of thermodynamics, 
the Dean is not anxious for Christian traditional philosophy, for he 
is convinced that “ the fate of its own God is not involved.” . . . 
“ Nothing that really is can ever perish ” (a very comforting phrase— 
but is it a definition ?—or a truism ?—or . . . ?). Recent attempts 
by certain astronomers and mathematicians to convince the general 
public that science leads to subjective idealism, are referred to 
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M “ not altogether happy incursions into metaphysics,” with which 
dictum, scientists in general will be in hearty agreement. 

And now what about the most persistent red herring that has 
ever been dragged across the path of clear thinking ? What, in 
other words, about ‘ value ’ ? It soon appears : it has a capital 
V and also italics. That is a brave attempt to make it look like 
a ‘ thing,’ t.c. something which endures. “ We must recognise that 
reality is ultimately a kingdom of Values, and that the ultimate 
and eternal Values, which it has been agreed to classify as Goodness 
(or Perfection), Truth (or Wisdom), and Beauty, are given to us as 
much as the facts of what we call existence. These Values . . . 
are, we may say, the contents of the divine mind as knowable by 
man ” (p. 12). What mind, then, are Badness, Untruth and 
Ugliness the contents of, as knowable by man ? It really is not 
fair on Darwin, for whom both the Bishop and the Dean have such 
respect, to push them into the apelike ancestor still dormant within 
us. We cannot verify the hypothesis about the divine mind, but 
we can note that observation of the animal world does not reveal 
an 3 rthing approaching the refined cruelty which has been observed 
in men. All arguments leading from goodness to one kind of 
universal mind lead equally from badness to another kind. The 
Devil has been much neglected of late. 

Does the Dean attempt to define value, truth, goodness, or 
beauty ? Can he get any farther in this matter than the Bishop ? 
It must be admitted with regret that although he gives a whole 
lecture to “ The World of Values ” he fails to be convincing. For 
instance, we have to contend with such statements as “ Existence 
apart from value is an abstraction ” (p, 176), ‘‘ the presence of the 
ideal in human experience is as much a fact as any other ” (p. 182), 
” Disinterestedness is a fact which the pragmatists seek in vain to 
explain away : and disinterestedness implies that life itself is not 
the highest value ” (p. 188). Failing any definition of the terms 
tised in these ex cathedra propositions, criticism is impossible; but 
we may remark that disinterestedness would not be considered a 
fact by most psychologists, or indeed, by anyone who is a careful 
observer of his own behaviour and that of his fellow-men. But 
the psychologists are put in their places, and very humble ones too, 
by uiother ex cathedra pronouncement, “ Psychology is an abstract 
study, like natmral soienoe [«»c]. The word should be confined to 
the soienoe which describee inner experience. For it, desire and 
rejection are part of the neutral content of oonsoiousness ” (p. 189). 

So here is the limit of science I and for obvious reasons. Desires 
and rejections must not be looked into! They must be taken 
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unoritioally, although ever 3 rthing else entering oonsoiousness must 
be submitted to careful somitiny. 

The Dean’s assertions and hypotheses break up, as they must do, 
on the ‘ problem of evil.’ He admits that he has no adequate 
solution (p. 187): evil becomes a negative value comparable with 
“ temperatures below freezing-point.” A natural philosopher in 
such an impasse would modify his original hypotheses. He would 
avoid involving indefinite parochial notions of morality in his hypo¬ 
theses as to the “ cause ” of the behaviour of living matter, just as 
he had to do in his hypotheses as to ‘ causes ’ in so-called dead 
matter. It was a ‘ problem ’ to account for ^ imperfect ’ (non- 
circular) orbits in astronomy, until meaningless, irrelevant abstrac¬ 
tions hke ‘ perfection ’ were discarded. The ‘ problem of evil ’ 
can be avoided in a similar manner. Perhaps an analogy will help 
to make this clear. 

Let us consider the ‘ problem of dirt.’ Chemistry and physics 
have shown that all matter consists of atoms which are neither 
‘ clean ’ nor ‘ dirty *: these terms are merely relative to our per¬ 
sonal outlook. Similarly, biology and psychology have shown 
that all living matter exliibits the phenomena of self-preservation 
and reproduction which are neither good nor bad : these terms are 
merely relative to our individual outlook. Thus an inoffensive 
atom combined with other equally inoffensive atoms can produce 
some of the most unpleasant odours by which the human olfactory 
system may be assailed : on the other hand, combined in a different 
way, it may produce the smell of a rose. Likewise the instincts 
mentioned can produce modifications which are extremely unplea¬ 
sant, but equally they may produce others amongst the most highly 
praised by mankind. These considerations do not make cleanliness 
and uncleanliness any less real, but they do prevent us from idealising 
them and saying that the universe can explained causally by 
supposmg that it exists for the attainment of perfect cleanliness. 
We still have to fight against dirt (chiefly because of bodily pain, 
t.e. disease), and scientific knowledge shows us how to set to work. 
Similarly, these considerations do not make goodness and evil any 
less real, but they do prevent us from idealising them and saying 
that the umverse can be explained causally by supposing that it 
exists for the attainment of perfect goodness. We still have to 
fight against evil (chiefly because of mental pain), and scientific 
knowledge can help us in our method in this case also. Notions as 
to what constitutes the criterion of cleanliness have varied from 
time to time and place to place, but the standard will probably 
continue to improve with the help of science (measured, say, by the 
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decrease in world total of bodily pain). Ideas of what constitutes 
goodness have varied just as much, but may also be expected to 
improve with the help of science (measured, say, by the decrease in 
world total of mental pain). 

This analogy indicates very briefly the attitude of the scientiflo 
man to the ‘ problem of evil,’ in so far as he thinks about it im¬ 
partially at all. But it must be admitted with regret that few 
scientific men adopt a dispassionate attitude to such matters. 
After all, the scientific outlook on world problems is only a few 
hundred years old, and is much more difficult to sustain than the 
theistio one. 

There are several other scholarly essays in this book concerned 
with “ The Problem of Time,” “ God and the World,” “ The Eternal 
World,” written with Dean Inge’s well-known charm and wit. 
We have, however, concentrated criticism on his central viewpoint, 
especially as, in order to maintain it, he has to deny the legitimacy 
of impartial scientific inquiry into the reasons why we do value some 
events of consciousness and not others. 

We turn now to a very different book, Mr. J. W. N. Sullivan’s 
“ Limitations of Science,” which purports to give a clear answer 
to the questions ” Why has man pursued scientific adventure ? ” 
“ How far has he got ? ” “ How far is he likely to get 1 ” This is 
a most readable book with many apt quotations from pioneers of the 
scientific method, but the author overestimates the value placed 
by scientists as a whole in certain theories, c.g. Eddington’s Expand¬ 
ing Universe and the theory of relativity (which is stated to have 
been verified “ exactly ”). 

Mr. Sullivan deals, as did the Bishop, with Newton’s first ‘ law ’ 
of motion. It is unfortunate that this hypothesis should ever 
have been called a ‘ law ’: it causes the writer to fall into the 
error of saying that scientists chose it because it was most con¬ 
venient—“ what scientific men mean by truth is, in the last resort, 
convenience. Scientific men are pragmatists in practice, whatever 
they may think they are in theory ” (p. 69). This, of course, is 
utterly false and in contradiction with the author’s view that 
scientists are influenced by aesthetic considerations. Once again, 
we must insist that truth can only be strictly applied to facts, and 
facts are often far from convenient: indeed, some philosophers use 
the term ‘ brute facts.’ 

The author, imlike the Bishop and the Dean, gives us a most 
interesting chapter on ” The Nature of Mind.” Here the study of 
behaviour of oUmpanzees, of Pavlov’s dogs, of the results of hyp¬ 
notism and of iree-assooiation, are discussed and their implications 
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pointed out. He agrees that the evidence supporting the hypo> 
thesis of imoonsoiouB mental processes is very convincing, and gives 
an outline of the Freudian theory. He concludes that psycho¬ 
analysis is in an unsatisfactory position regarded as a science, chiefly 
because the facts can, he says, be equally well acooimted for by 
other theories, e.g. those of Jung and Adler. But this has been a 
defect of all sciences atone time or another, and with the discovery 
of fresh facts it is usually possible to decide between rival theories. 
Apart from this, there are general reasons for preferring Freud’s 
central viewpoint to those of Jung and Adler. Freud is in con¬ 
formity with general scientific procedure in placing his ‘ causes ’ 
in the past and holding that mental events are determined as are 
physical events in the external world. Jung adopts a vaguer and 
more mystical standpoint, and, so far as he is consistent, finds the 
causes of neimosis in the person’s attitude to the future, and tends 
to disregard his past life. If we must invoke ‘ causes ’ to explain 
the observed sequence of phenomena, it is better to place them in 
the past than the future, for the simple reason that we can have 
some knowledge of the past. As regards Adler, who “ sees the 
driving force of life as the urge to acquire power and superiority 
over one’s fellows,” we note that this is not as simple a hypothesis 
as Freud’s. We have noted before that living things must exhibit 
at least two behaviour-patterns or instincts, viz. self-preservation 
and reproduction. These are involved implicitly in the definition 
of the word ‘ living.’ If, then, we can trace human motivation 
back to these two essentials, a theory built on them will be pre¬ 
ferable to one involving an extra, non-essential, and subsidiary 
‘ urge ’ such as the one used by Adler. Nevertheless, instincts 
related to herd life may exist, but it seems highly improbable that 
they wDl not be modifications of the two fundamental instinots 
mentioned. 

The author gives an interesting aoooimt of the difierent opinions 
which some pioneers of science held as to what its method should be 
and what was gained by its pursuit. He is led astray by the 
writings of some recent spokesmen of science into asserting that all 
we know about electricity, for instance, is its mathematical structure, 
and then leads up to Eddington’s view that all exact knowledge 
consists of “ pointer-readings,” That, at one stage in the life of all 
vertebrates, the cavity behind the mouth and nose is pierced on 
both sides by gill-slits, is most important exact knowledge, but it is 
not a ‘ pointer-reading.’ It is well to remember the robust Dr. 
Johnson who, attempting to refute idealism, struck his foot againAt a 
stone so mightily that he rebounded from it, exclaiming, “ 1 refute it 
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thus I ” Whatever events ooourred in his oonsciousness as a result 
of this vigorous action, we can be oertain of one thing ; they were 
not oonoemed with mathematics or structure. Again, those who 
say that all we know about electricity is the way it affects our 
measuring instruments, forget that in early experiments, without 
which we should have no knowledge at aU, the investigator himself 
was often the instniment. When the Hon. Henry Cavendish was 
making experiments which demonstrated what was later known as 
Ohm’s Law, the galvanometer was the Hon. Henry Cavendish. 

Mr. Sullivan goes on to take Eddington’s ‘ world-building ’ on 
nothing but indefmable ‘ point-events,’ seriously without noticing 
that Eddington has regressed into the Dark Ages by adopting the 
deductive instead of the inductive method. With the demerits of 
such a method we have attempted to deal elsewhere.^ 

Another general criticism of scientific method is that it com¬ 
mences with analysis. We should, it is advocated, try to look upon 
complex systems as ‘ wholes ’ or ‘ organisms.’ Unfortunately, 
analysis is forced upon us for the simple reason that we can only 
concentrate consciousness on one event or series of events at once. 
We cannot even explain the working of a Rolls Royoe as a ‘ whole ’; 
we are forced to analyse, to deal with it part by part. It may well 
be that we should understand better certam problems, especially 
in biology and ones involving the functionmg of the brain, if 
we could look upon these as ‘ wholes.’ But at present we cannot do 
so, and not the least important knowledge we can have, is that of 
our own limitations. 

Another great limitation of science is often said to be that its 
theories do not ultimately answer the question ‘ Why ? * But 
a little consideration will show that the disintegrating effect on 
theories of the question ‘ Why ? ’ depends merely on the persistence 
of the interlocutor. Even in the sphere in which the question has 
any meaning at all, viz. that of the origin of human motivation, 
it has only to be asked a few times in succession to show us that 
we do not know, ultimately, why we do or think anything. These 
facts alone should make us doubt whether the question has any 
ultimate meaning, t.e. whether the notion of ‘ purpose ’ applied as 
a ‘ cause * of the events of the universe is not possibly a false hypo¬ 
thesis. 

In attempting to show, as has been done here, that scientific 
method is the only method by which we can hope to get any true 
information about the world inferred from the events in our own 

^ Modem Physios and the First Prmoiples of Soionoe,” Soiskok Pbo- 
OBIMS, No. 106, 1032. 
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oonsoiouBnesR, we have had to admit that faots can never prove 
theories but only disprove them. Nevertheless, these theories are 
useful in leading us to the discovery of more faots, and thus our 
true knowledge of the world is increased and false beliefs are 
eradicated. 

“ What is thinking and how do we think ? We think with words; 
that alone is sensual ahd brings us back to nature. Think of it! 
A metaphysician has only the perfected cry of monkeys and dogs 
with which to construct the system of the world. That which he 
calls profound speculation and transcendent method is to put end 
to end in an arbitrary order the natural sounds which cry out hunger, 
fear, and love in primitive forests, and to which are attached, 
little by little, the meanings which one believed to be abstract, 
when they were only crude. Do not fear that the succession of 
small ones, feeble and stifled, which compose a book of philosophy 
will teach us so much regarding the universe, that wo can live in 
it no longer.” So said Anatole Prance (Le Jardin d'£jpicure) and 
we can only humbly agree. 

Gibbering then, in the fitful sunshine of a second-rate star, 
burning away in a dying universe, we anthropoids must build our 
philosophies as best we may. Of the precautions that must be taken 
in order that the result may not entirely be gibberish, we have here 
essayed this brief outline. 
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MATHEMATICS 

Higher Mathematics for Engineers and Physicists. By Ivan S. 
S0K01.NIKOFF. Ph.D., and Elizabeth S. Sokolnikoff, Ph.D. [Pp. 
xiii 4* 482, with 121 figures.] (New York and London : McGraw- 
Hill Book Co., Inc., 1934. 24«. net.) 

A OOUBSK of lectures regularly given m tlie University of Wisconsin to students 
of engineering and applied sciences forms the basis of this book. The assump¬ 
tion is that such students are familiar with the I'loments of the calculus, but 
not mature enough to be introduced to advanced and s|>ociali8ed works. 
The authors do not fail to define thoir puq:)ose as “ bridging the gap ” and as 
** a stepping-stone,** So far as the engmoors are ooncomcxi. this purpose 
may perhaps be achieved in American institutions, but in this country the 
routine of courses has no place for such refinements, and it is doubtful if 
much use could be made of this book. For physicists and chemists, on the 
other hand, from whom a greater knowledge of mathematics is now expected 
than was the case not more than a generation ago, it contams much useful 
matter. 

The contents of the book may best be described by quoting the chapter 
headings: Elliptic Integrals, Solution of Equations, Determinants and 
Matricee, Infinite Series, Partial Differentiation, Fourier Series, Multiple 
Integrals, Line Integral, Improper Integrals, Ordinary Differential Equations, 
Partial Differential Equations, Vector Analysis, Probability, Empincal 
Formulas and Curve Fitting, Conformal Representation. Each chapter was 
made, perhaps unwisely, as far as possible independent of the others. The 
arrangement is m general not good; for example, hyperbolic fimctions do 
not appear before p. 220, where they are mtruded into the chapter on Ordinary 
Dififer^tial Equations. There are numerous and valuable examples in the 
text, but unfoHunately they aro m the same type as the rest of the matter, 
which hinders the use of the book as a work of reference. 

Mathematically, the book is as sound as a text of this type need be. 
Difficulties are not merely ignored. There are a few printer*8 errors, but 
none likely to worry the reader. 

E. L. I. 

Elsmsatary X> 3 rnamios for Studmts of Science and Engineering. 

By Bobxbt Coohban Gbay, M.A., D.Sc., Companion I.E.E. fPp. 
vii 4* 211# with 94 figures]. (London : Macmillan & Co., Ltd., 1934. 
«#.) 

Tkb porposo of this book is to introduce students beginning a University 
course in engineering or applied science to the elements of dynamics without 
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the use of the calculus. That such an introduction should be neoessaay is 
a weighty indictment against an inefhoient educational S 3 ^tem^ which con* 
siders a man with no calculus and no d 3 mamic 8 fit material to be turned in 
three years into a scientific engineer or tiohnologist. 

Nevertheless, the book seems admirably designed for its purpose, though 
if the calculus is to be dodged, its notation should have been avoided. The 
use of X and x os mere symbols for velocity and acceleration may be expected 
to lead to trouble later onj experience tells that few people are less skilled 
in symbolism than the “ practical man ” type of engineering student. More¬ 
over it IS doubtful if the mathematical equipment of a reader who cannot 
difierentiate an mtegral power would fit him (as it is called upon to do on 
p, 78) to understand the exponential limit. 

The four chapters on kinematics, five on particle dynamics and seven on 
rigid dynamics form a course as exhaustive as is possible with the readers* 
supposed limitations The arrangement is good and the style everywhere 
lucid. The examples, numbering some 400, are mainly of a praotioal or 
numerical type. 

The book contains many things which every schoolboy might know with 
advantage, and some things of which few are aware. Man as a machine is 
notoriously mefificiont, but that his “ output of mochanioal power is not 
worth more than 6d. per week *’ (p. 99) will surprise and shook many of us. 

E. L. 1. 

PHYSICS 

The Architecture o! the Universe. By W. F. G. Swank, A.R.C.S.» 

M A., D.Sc. [Pp. xii -f 428, with 23 figures.] (New York and London i 

Maomilian & Co,, Ltd., 1934. 16s. net.) 

This book is based on a course of lectures on the philosophy of physios given 
recently by the author in Ohio State University. The subjcMjt matter inoludes 
the quantum theory and wave mechanics, relativity and cosmology, the 
nature of life and the relation between science and theology. The book is 
mtended for the educated layman with no special knowledge of physical 
science, and consequently much space is devoted to the statement and 
explanation of the results of modem theoretical physios, as well as to theil^ 
phdosophical implications. The author also explains in non-teohnioal 
language many of the more elementary concepts of olaaaical physios; for 
instance, he explains the difference between “ temperature ** and ** h^t.*^ 
While some parts of modem physics can be made intelligible to people whC 
do not know such thmga already, the reviewer very much doubts whethe# 
wave mechanics can, and feels that the book would have more value if 
addressed to the sufficiently large body of readers, comprising teohnioians, 
schoolmasters and other people with some scientific training, who alone will 
be able to understand moat of it. The exposition is mainly by analogy, and is 
often witty; the present reviewer will always remember with pleasure, in 
connection with the photoelectric effect, that “ the atom is like a oat; you 
may torment it, and it- may do nothing, but the ohanoe of getting scratched 
is proportional to vhe annoyance of the cat.” Delightful as this is, it is to 
be feared that it is the chief impression of the atom that the entirely lay 
reader will carry away. 

In the philosophical parts of the book the point of view of that unfortuxiate 
experimental physicist, who wflmts to make a mechanical model of the atom 
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and of moat other things, is very effectively demolished. The uncertainty 
principle of Heisenberg is discussed, and the question as to whether the 
eleiotron really exists ; the point is made that electrons and electron waves 
are both merely convenient terms with which to describe the results of 
expenments. While agreeing in the main with Dr. Swann’s contentions, 
the reviewer thinks tliat too much emphasis is laid on the convenience and 
elegance of the new theories, and the fact that they have been able to predict 
hitherto unsuspected phenomena is left too much in the background. 

N. F. M. 


Atomic Theory and the Description of Nature. By Nuels Bokb. 
[Pp. vi + 119.] (Cambridge: at the University Press, 1934. 6s. 

net.) 

Twelve years ago the Cambridge University Press published three lectures 
in English by Niels Bohr under the general title The Theory of Spectra and 
Atomic Constitution. The first of them had originally been deliver^ m 1918. 
Now, in a companion volume, four lectures are reprinted which belong to 
the period 1925-29. No attempt has been made to bring these lectures up to 
date; in their original form they describe successive stages in the gradual 
development of the quantum theory of the atom. However, a third volume 
is promised shortly which is to follow tliia development to more recent times. 

It IB instructive to compare the essays in the first and second series, 
respectively. In the earlier e 88 a 3 r 8 the emphasis is on the achievements of 
the theory; the later ones are more philosophical m outlook and in their 
working out the limitations of the epistemology appear stressed rather than 
its completeness ; “ In this respect, the quantum theory may be said to be 
a disappointment.” Yet there is one conclusion, a<imirably expressed, 
which qualifies any such disappointment over the failure of a thoroughgoing 
causal interpretation : ” Perhaps the most distinguishing characteristic of 
the present position in physics is that almost all the ideas which have ever 
proved to be fruitful m the mvestigation of nature have found their right 
place in a common harmony without thereby having dimmished their fhiit- 
fulneBB.” 

This collection of essays abounds in examples of such felicity of phrase ; 
as oonoems its subject matter, it would obviously he impertinence to pretend 
to oritioiso. N. F. 

Wave Mechanice, Advanced General Theory. By J. Frbkkel. 
The International Series of Monographs on Physics. [Pp. viii + 525, 
with 8 figures.] (Oxford: at the Clarendon Press; London; 
Humphrey Milford, 1934. 85s. not.) 

This volume is the si^ond part of a work consisting of tliree volumes ; the 
last of which is not yet publishtxl. Students of modem physics will be 
familiar with the first volume which was devotcKl to the general ideas under¬ 
lying the new theori^ and was written for the beginner. The present volume, 
although intended to be complete m itself, requires some previous knowledge 
and is rather of the character of an advanced text-book. It is devoted to 
the mathematical development of the general ideas and stresses the connection 
with the olaasioal theory. In fact, the author appears almost to make the 
subject emei^e from the older theories. 

It is probable that the book contams the most complete account of the 
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subject which has yet been published and is therefore of groat value to 
specialists m this part of physics while, as a work of reference, it is valuable 
to all. It IS somewhat of a contrast to another volume with a similar title 
appearmg m this International series of Monographs—the principia of the 
subject by Dirac. The content and purpose of the two volumes are of course 
different, but one loaves Dirac's work with a sense of intellectual satisfaction; 
there is somethuig of a satisfactory philosophy and something clear cut in 
his presentation of the subject. It is not possible to say this of the volume 
now under review. 

It is mteresting to seek the cause of this difference, for Frenkers book is 
certamly complete in the subjects with which it deals and it treats them with 
a faithful attention to detail, sometimes with repetition and with too great 
a stress on the finer pomts. The cause is undoubtedly the ovorstressing of 
the classical analogy. It is not altogether easy to say what physical relation 
hes m this analogy, but mathematically the connection is one of form, Dirac 
recognised this m his oarhest writmgs on the subject, but his greatest success 
would appear to ho in his abihty to break away from the old obsessions to a 
greater extent than any other writer. Too much analogy with classical 
theories becomes m the f3nd almost an apologia for the new. This is not to 
say that this analogy is unimportant; that would, m foot, be historically 
untrue; but it is important for all who work m this field to try to avoid too 
many glances backward. 

One of the author’s contnbutions to the subject was hm demonstration of 
the analogy between the quantum equations and those of Maxwell. His work 
18 given in this volume under the title “ Relativistic Wave Mechanics as a 
Formal Generalisation of Maxwell’s Eloctroraagnetio Theory of Light,” and, 
later in the chapter, Dirac’s equations are obtained by an identification with 
the results of this generalisation. Here again we have an example of olassioal 
analogy ; but the results, so far, of attempts to generalise Maxwell’s equations 
seem to be negative in character. Without going so far as to say with some 
authonties that the results of such investigations have contributed ” exactly 
nothmg ” to the subject, it is doubtful if the method of presentation is an 
improvement on tliat of Dirac’s original paper. It certamly introduces a 
reader steeped m the classical doctrine more gently to the basis of the theory, 
but he probably loses somothmg m the process. 

This particular chapter is a long one and could have been further shortened 
by a different presentation of the matrix theory. This is given in three 
stages. Pauli’s theory, more exact theory, and Dirac’s exact theory. It 
would have made better reading if the treatment had been given under the 
third of these titles with such references to the earlier attempts a& were 
necessary. 

These criticisms are of method of presentation not of the matter presented, 
which is complete, accurate and given with extreme care. The book is a 
very important contribution to the literature of the Quantum Theory and 
has great value as presenting the point of view of one who has made important 
original contnbutions to the subject on which he writes and who has remark* 
ably clear insight into the problems of this realm of physics. We must, 
finally, pay a tribute to the stylo of the book and to those who helped the 
author over the difficulties of language. 


H. T. F. 
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^ Introduotioii to Modern Pbyeioe. By F. K. RiOHTirrBB, Professor 
of Physios at Cornell University. International Series of Physios. 
Second edition. fPp. xviii -f 747, with 6 plates and 221 figures.] 
(New York and London : McGraw-Hill Book Co., Inc., 1934. 30s. net.) 

Thk first edition of this book was published six years ago and in the inter¬ 
vening period there can be few teachers who have not recommended it to 
their advanced students as an ideal approach to an honours course m modem 
physics. The new edition will make cm even greater appeal for, in addition to 
a thorough revision of the original material, 150 pages have been added to 
bring it up to date without sacrificing anything of the “ historical sketch ** 
which forms so valuable a part of the work. There are two new chapters 
dealing respectively with the Vector Model of the Atom and with the 
Wave Theory of Matter, and two new appendices, one of which deals with 
Group Velocity, while the other contains a simple mathematical treatment 
of the Special Theory of Relativity leadmg finally to the fundamental 
relation between mass and energy. 

Unfortunately the author has ageun found it necessary to omit topics 
which his readers would have liked him to discuss, and the index contains 
no mention of Cosmic Rays, Raman or Gamow. The last pages of the 
chapter on the Atomic Nucleus deal with the neutron and the positron ; it 
was written before the new views on nuclear structure had crystalhsed and, 
in consequence, assumes that the nuclei themselves are built up of protons 
and electrons. Thus this section already needs revision albeit it still serves 
as cm excellent introduction to the later developments. 

D. O. W. 


The Physics ol Electron Tubes. By L. R. Kollbb, Ph.D. [Pp. 
xiii 4* 205, with 67 figures.] (New York and London: McGraw- 
Hill Book Co., Inc., 1934. IBs. not.) 

Thb phrase “ electron tubes ” in the title of this work covers thonnionio 
valves (including gas discharge relays) and the various types of light-sensitive 
oell. The book does not deal with the external circuits used in the applica¬ 
tion of such devices but with the ph 3 rsical phenomena mvolved in their 
internal functioning. It is essentially a summary of known results in their 
practical aspect rather than a treatment of the methods and problems of 
the research worker. The first four chapters deal with the thermionic 
emission from various types of cathode. Methods of measuring the cathode 
temperature are thin summarised and the phenomena of secondary emission 
and clean-up of gases are described. The chapter on apace charge 
which follows might well have been augmented by a fuller treatment of the 
action of the grid and a discuasion of the efiect of the shape and dimensions 
of the electrodes generally upon the characteristics of a valve. A chapter 
on discharges in gases leads up to a consideration of the gnd-controlled 
arc, and there are three chapters on light-sensitive cells, including the selenium 
and cuprous oxide types. Three mathematical appendices and a set of 
numerical problems and answers are included. It is disappointmg to find 
no reference to the cathode ray oscillograph, which is well within the scope 
of the title* 

As an introductory woric for students or a summary for those whose 
main concern is with the technical application of the devices described, the 

3o 
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book fulfils a definite function in a satisfactory manner. Its inclusion in 
the International Senes in Ph 3 rsics» however, might lead the prospective 
reader to expect a much more advanced and domprehensive treatise. 


N. L. y.-F. 


Braonance Radiation and Excited Atoms. By A. C. G. Mitchbu, 
Ph D , and M. W. Zemansky, Ph.D. The Cambridge Senes of Physical 
Chemistry. [Pp. xvi -f 338, with 84 figures ] (Cambridge: at the 
Umversity Press, di934. 18s. net.) 

This book constitutes a valuable compilation and critical presentation of 
both expenmental and theoretical work in the field of resonance radiation 
and oxcitod atoms. Both the authors have made important original contri¬ 
butions to the progress which has taken place m this branch of physios 
withm the last eight years or so, and are therefore justified in attempting 
the task of liandhng the siibjoct matter primarily from a critical point of 
view rather than from a purely historical one. They have faithfully and 
successfully carried out their purpose whicli, os they explam in the preface, 
was to remove conflicts m notation, experimental method, and evaluation 
of results, by the adoption of a systematic notation and a unified jxiint 
of view compatible with modem quantum theory, m the presentation and 
discussion of the experimental work that has lieen performed. They have 
shown clearly the diificulties confrontmg the experimentalist and the extent 
to which it has been possible recently to arrange experimental conditions 
so that the theories which have been developed can, m spitf) of their well- 
defined limits of apphcation, be employed in the interpretation of experi¬ 
mental results. The particular directions m which there is scope for yet 
more experimental work are emphasised. 

The tracing of ongmal papers dealing with particular aspects of the 
subject matter is facilitated by the numbered reforoncos throughout each 
of the five chapters into which the book is divided and by the further detailed 
subdivision of each chapter under defimte headings. 

The book is likely to prove valuable to any physicist or chemist whether 
a specialist m this particular field of investigation or in any other. 

With the exception of Table III which can only be found by turning 
on twenty-four pages from the first reference to it on p. 17 of the text, the 
various figures and tables are very conveniently arranged in relation to 
the textual references to them. 

A. C. D. 

Thermionic Emiesion. By ABNonn L. Ribimann, B.Sc., Ph.D., P.lDst.P., 
a Member of the Research Staff of the General Electric Co., Ltd., 
and of the M.O. Valve Co,, Ltd. [Pp. xi 4- 324, with 64 figures and 
19 tables.] (London : Chapman A Hall, Ltd., 1934. 21s. net.) 

That branch of physios which deals with the emission of charged particles 
from hot surfaces has seen, durmg the past few years, not only a steady 
increase m vanety and precision of experimental data, but a rapid—one 
might almost say sudden—change of front in their theoretical interpretation. 
Quantum statistics liave suggested that the conduction electrons within a 
metal, which are the ultimate source of the observed thermionic electron 
emission, have velocities far greater than had previously been suspected, 
while the advent of wave-mechanics has revolutionised our ideas as to tiae 
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manner in which these electrons escape through the intense though localised 
electric fields which occur at the emitting surface. 

A much more satisfactory acooimt of thermionic phenomena has in conse¬ 
quence become possible, and the time was oltmrly opportime for the appear¬ 
ance of a comprehensive and authoritative discussion of the whole subject. 
Dr. Keimann has turned the opportunity to very good account and, keeping 
strictly to the limits of his subject, has given us m throe hundred pages, and 
without any imdue compression, a remarkably cjomplete work covering both 
experiment and thec'ry. 

The general survey which constitutes the first chapter may bo recom¬ 
mended to any physicist who wishes for a clear outline of the subject; the 
remaining five chapters, which will appeal more particularly to the specialist, 
are devoted to electron emission from clean metals, from contammated metal 
surfaces, and from oxide coatmgs ; the theory of electron omission and, 
finally, the thermal emission of ions. The discussion is throughout of a 
critical nature and is supplemented by valuable tables and curves of numerical 
data and by plentiful references to original pai>erfi. 

The general standard of precision and clarity is extremely high, though 
one may note an exception on p. 58, where the same symbol denotes 
successively a current, a current per umt length and a current per unit area* 

It is a pleasure to congratulate Dr. Keimann on a book which has eveiy 
prospect of becoming the standard modem work on thermionics. 

P. B. M. 

Til# Practice of Absorption Spectrophotometry with Hilger 
Instruments. By F. Twyman, F.Inst.P., F.R.S., and C. B. AXiL- 
sopp, M.A., Ph.D. Second edition. [Pp. 140, with 46 illustrations.] 
(London : Adam Hilger Ltd., 1934. 12s. 6d. net.) 

Although Mr. Twyman *b first edition of this book appeared as recently 
as 1932, the rapid growth of the subject has rendered necessary this new 
edition, thoroughly revised and much enlarged. The book is now divided 
into two parts. In Part I Dr. Allsopp contributes new material relatmg 
to the theory and applications of light absorption, a simple description of 
molecular spectra mcluding predissociation and the Kaman effect, and 
brief aoooimts of some applications of absorption spectroscopy in theoretical, 
industrial and biological chemistry. The spoctro-photometric nomenclature 
of the International Critical Tables (1929) is adopted, and the meanings of 
the terxns density, extinctum coefficient, molecular extinction coefficient, absorp¬ 
tion coefficient and absorption index are clearly stated; the statement is 
particularly necessary since lack of precision has led to much confusion and 
rendered many past investigations meaningless. In Part II Mr. Twyman 
describes the t^lmiquo of absorption photometry, the conditions for accuracy 
of the measurements it mvolves, and modem Hilger instruments for ultra¬ 
violet, visible and infra-red spectrophotometry. Amongst the subjects 
treated in the appendices are the use of Beer’s Law in the analysis of absorb¬ 
ing solutions, particulars oonoeruing photographic plates, spectroscopic in¬ 
vestigations of poisons and the control of purity in foodstuffs by absorption 
and by emission metho<is, and absorption in a Effusing medium. The book 
is very well illustrated by spectrograms, photographs of apparatus and hne 
diagrams. The name of RaseUi, two of whose beautiful rotation Kaman 
speotrograms are excellently reproduced, appears wrongly as Rosetti on p. 37. 
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The book will, no doubt, bo found invaluable to thoee about to take up 
abaorption work and of groat intoroat to thoso already engaged in this work 
and to advanced chemistry students generally. 


W. J. 


CHEMISTRY 

Arsenical and Argentiferous Copper. By J. L. Orkoo. Amerioan 
Chemical Society "“Monograph Series. [Pp. 189, with 56 figures.] 
(Now York : The Chemical Catalog Company, Inc. 1984. $4.00.) 

This book is an American Chemical Society Monograph issued by The Chemi* 
cal Catalog Company, Inc., of New York. The reason for its publication is 
the desirability of collecting all the available information on the subject of 
arsenical and argentiferous copper in one volume to be easily accossiblo to 
metallurgists and users of copper. 

Following a short liistorical section, the properties and uses of copper are 
discussed, more attention is nghtly given to the physical than to the chemical 
properties, for the latter are to be found in many standard works, whilst the 
former are more or less scattered through the literature. A short account is 
also given of the geology and metallurgy of copper and mention is made of 
its casting and meohamcal working. 

The Copper-oxygen, Copper-arsenic, Copper-silver 83 r 8 tein 8 and complex 
alloys are explained in detail. 

The most important chapters of the book are those devoted to the elec¬ 
trical, thermal and mechanical properties of arsenical and argentiferous 
copper. A large number of graphs and tables illustrate these properties and 
the information given should be of great value to metallurgists interested in 
or working on the subject. 

There is a chapter deahng with the corrosion of arsenical copper and 
brass in which it is pointed out that much of the beat literature pertaining 
to this subject is to be found m i\m Journal of the Institute of Metals ; indeed, 
a very pleasing feature of the book is that it is not confined to American 
practice but that full reference is made to investigators In all countries. 

In response to requests from fabricators and consumers of copper, the 
book contains a chapter on the uses of arsenical and argentiferous copper, 
in which the data stated or implied m earher chapters is brought together 
in systematic form. 

An appendix gives useful tables concerning production and prices of 
copper alloys and tables referring to various A.S.T.M. specifications. 

The book ends with a complete bibliography and should prove a very 
useful volume. 

E. W. Ykoxcak. 


/Conductometric Analysis. By H. T. S. BnrTTOW, D.Sc., B.8o., D.I.C., 
F.I.e. Vol. VIII of a series of monographs on Applied Chemistry, 
edited by E. Howard Tripp. [Pp. x -f 178, with 49 figures.] (Lon¬ 
don : Chapman & Hall, Ltd., 1934. 12s. 6d. net.) 

Thb exceptionally rapid development of potentiometric titration methods 
in recent years has tended to overshadow the less spectacular progress 
which has been made in the apphoation of conductometric methods to 
chemical analysis. Nevertheless, this progress has been considerable, and 
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the work of Dr. Britton in partioular has shown the value of such methods 
aa a oomplement to potentiometrio methods in the mveetigation of a number 
of phyBico-obemioai problems. The general principles of conductometric 
titration as applied to the neutralisation of strong acids and bases and to 
recu^tions in which sparingly soluble substances are precipitated are well 
known, but m the present volume these pnnciples are extended to elucidate 
the forms of the curves obtained with weak acids and bases, polybasic acids 
and polyacid bases, mixtures of acids and of bases, and with various special 
tjrpes of reaction, such as those in which metallic hydroxides are precipitated, 
complex salts formed, etc. Modem developments m apparatus and technique 
are discussed in a clear and practical manner, and the various types of titra¬ 
tion are illustrated by reference to actual exponmontal data and curves. 
Two final chapters deal with some examples of the application of oonducto- 
metric methods m the investigation of physico-chemical problems and in 
the control of industrial processes. 

Dr. Britton has produced a very readable, interesting and practical guide 
to the principles, methods and applications of conductometric analysis which 
should prove of great value to workers m many fields. The numerous dia¬ 
grams are informative and clearly reproduced, and full references are given 
to the origmal literature. 

H. J. T. E. 


The Fundamentals of Chemical Thermodynamics. Part II. By 

J. A. V. Butlbe, D.Sc. (Pp. ix + 271, with 43 figures.] (London ; 

Macmillan & Co,, Ltd., 1934. 8s. (k/) 

A TEXT-BOOK which can bo carried m the pocket is especially valuable, for 
it has a bettor chance of being road, and m these circumstances of close 
mutual contact may be unconsciously assimilated. This compact little 
volume should therefore commend itself to students. Part I appeared six 
years ago but is not an indispensable companion since Part II can be read 
by anybody possessing an elementary acquaintance with the Second Law. 
Tlireo quarters of the book is occupied with the thermodynamical properties 
of aqueous salt solutions. There is a long account of surface-equilibria and 
an mtroduotion to the Phase-Rule. Nothing seems to call for special com¬ 
ment in the early chapters (Functions ; Gas Reactions ; Third Law) unless 
it be the omission on p. 48 to refer to the important monograph by Parks 
and Huffman entitled Tfie Free Energies of Some Organic Compounds. Exer- 
oisas are set at the end of each section. 

The Debyo-Hiiokol theory is dealt with in the usual manner, though at 
relatively greater length tlian its limitations would seem to warrant, and it 
is a little disappointing that a more adequate account of the recent ramifica¬ 
tions of the theory is not forthcoming. This is not a general criticism, how¬ 
ever, for most of the material is up to date and numerous references are made 
to the literature of the post two or three years. The author does not much 
oonoem himself with statistical mechanics nor at all with the alliance of 
thermodynamics and spectroscopy. It is to be hopod that he will bo tempted 
to do so in Part III. 


C. H. J, 
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Free Hadicale. A General Diticnssion. [Pp. iv + 248, with 5 plates and 
numerous figures.] (London: Gurney & Jackson, for the Faraday 
Society, 1934. 12s. fid. net.) 

This volume contains the 29 papers and the discussions which took place 
at the meeting of the Faraday Society in Cambridge last year. The papers 
are divided mto three groups : (1) Free radicals of relatively long life, (2) Free 
radicals of short life, chemical aspects, and (3) Free radicals of short life, 
physical a«i)ects, and th^ topics considercjd covered a wide range. Thus 
Part I contains inter aha piapers on the chemical factors which stabilise free 
radicals and a wave-mechanical theory of the tnphenyl methyl type of 
radical. Part II includes contributions on tlio formation of methyl and 
ethyl and the part they play in thermal and photochemical changes, whilst 
Part III IS concerned with the production of radicals in electric discharges 
and the spectroscopic phenomena to which they give rise. 

There is no need at the present time to emphasise the valuable service 
t/O physics and chemistry which the Faraday Society performs in organismg 
and publishmg its well-known general discussions. It is sufficient to say that 
the present volume is a worthy addition to the aeries of discussions already 
published. 

S. S. 


Electrokinetic Phenomena and their Application to Biology and 
Medicine. By HABonn A. Abramson, M.D. American Chem¬ 
ical Society Monograph Senes. [Pp. 331, with frontispiece and 
106 figures.] (New York : Tlie Chemical Catalog Company, Inc., 
1934. $7.60.) 

Dr. Abramson’s book is divided into the following chapters : I, Historical. 
II, Early Tlioory and Related Experiments. Ill, Methods. IV, Recent 
Theory and Related Expenments. V, Proteins and some Related Com¬ 
pounds. VI, General Effect of Salts on “ Inert ” Surfaces. VII, Inorganic 
Surfaces. VIII, Organic Surfaces. IX, Gases. X, Blood Cells, Sper¬ 
matozoa, Tissues, etc. XI, Bacteria, Antibodies, Viruses and Related 
Systems. 

The treatment of the whole is very consistent and in so far in every way 
Bupenor to that of the monograph by Prausnitz and Reitstfitter, published 
a few years ago. Abramson uses the conception of an electrokinetic potential, 
a C-potontial, throughout. In a future edition it might be advisable to 
discuss antagonistic views like those of McBain more thoroughly, although 
they do not seem to be very well founded. The electrical charge of the 
surface, calculat/od on the groimd of the Debye-Huokol theory, is taken into 
account too. In some cases it leads to simpler correlations, yet the stability 
of colloidal systems appears mainly to depend upon the (-potential, not upon 
the electrical charge. 

The book is rich m well-selected details which moke it interesting and 
most suggestive reading. It is somewhat surprising that the behaviour of 
proteins and especially of surfaces covered with layers of protein is often 
more easily explained than that of morganio surfaces. A good review is 
given of the greatly increased literature oonoeming the electrokinetic phe¬ 
nomena found with blood colls, spermatozoa, bacteria, etc. These phenomena 
are very complicated; it is nevertheless obvious tliat the investigation of 
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the C-potential belongs to the most important methods of attacking the 
problems concerning the structure and chemical composition of suifaces. 
For it is not only the sign of the electrical charge which is characteristic, but 
also a number of other factors : the sensitiveness of the C-potential towards 
the pH, the existence of well-defined isoelectric points, the slope and shape 
of the C-pH-curves ; the ease with which the surface is covered by a protein ; 
the stability of suspensions and its correlation with the electrokinetio 
potential, etc. 

All who are interested m capillary chemistry and biology will find 
Abramson's monograph most valuable. 

H. Fueukdlich, 

Manoznetric Methods as applied to the Measurement of Cell Res** 
piration and Other Processes. By Mai.oolm Dixon, M.A., 
Ph.D , Sc.D. With a foreword by Sir F. 0. Hopkins. [Pp. xii 
4 - 122, with 19 figures.] (Cambridge: at the Umversity Press, 
1934. 6«. net.) 

Quantitative study of chonucal and biological reactions in which a gas is 
cither absorbed or evolved, by caumng the reaction to take place in a closed 
vessel attached to a gauge tube containing liquid, has become common. The 
method is essentially simple, but accuracy depends on practical details, of 
which Dr. Dixon has had twelve years’ experience. Ho has written this small 
handbook to help btaginners in the technique, and though essentially practical 
m character, the theory underlying the methods is desenbod in the tot part. 
The book is clearly illustrated, and should fulfil well its limited purpose. 

P. M. T. Kbrkidqb. 

Annual Review of Biochemistry. Vol. III. Edited by Jambs Murray 
Luck. [Pp. viii -f 658.] (Stanford University, California ; Stanford 
University Press ; London : H, K. Lewis A Co., Ltd., 1934. 25s. 

net.) 

This is the third of a series of annual reviews of the progress of biochemistry 
and it fully mamtams the high standard set by the two preceding volumes. 
The policy has btnjn contmue<i of inviting contributions on various sections of 
the subject from those scientific workers who, on account of their own onginal 
contributions and their intimate knowledge, are best fitted to deal with the 
subject and so the review has a truly mternational flavour. Amongst the 
many valuable contributions, it would be mvidious to single out one or two 
as particularly outstanding, but, as on mteresting example of how on exceed¬ 
ingly complex subject may be presented clearly and simply, by skilful selec¬ 
tions of the essentials, the article by Rosenheim and King on the structure 
of the sterols and the bile acids may be cited. The sensational developments 
during the petst two or three years, for which these two workers have them¬ 
selves been largely responsible, must have interested, and at the same time 
perplexed, many chemists whose knowledge of this branch of the subject 
hod only been of a general character, and the lucid presentation now before 
us will bo welcomed by many. 

In passing, it is interesting to note that fully one^sixth of the book, which 
contains twenty-six separate contributions, deals with what may be called 
structural organic chemistry and this is no doubt as it should be. Amino- 
acids and proteins, fats, animal pigments, and the terpenes are amongst the 
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subjects which are dealt with from this point of view. Naturally* the majority 
of the contributions deal with the separate biochemical processes which form 
the basis of the life of plemts and animals* and most of the topics which one 
would naturally expect to be included will bo foimd in one or other of these 
various articles. It is not surprising to find that enzymes and vitamins* 
which have received so much attention of recent years, are referred to by 
quite a number of the contributors, for these two classes of substances play a 
very important role in vital processes of almost all hvmg thmgs. 

W. O. K. 

Introduction to Physiological Chemistry. By Meybb Bodanbky* 
Ph.D Third edition. [Pp. x + 662, with 39 figure^.] (New York : 
John Wiley & Sons, Inc. ; London ; Chapman & Hall* Ltd., 1934. 
26e. net.) 

The jxipulanty of Professor Bodansky’s book is attested by the fact that it 
has already reached its third edition imd that both previous editions under¬ 
went several reprmts. The last few years, however, have witnessed numerous 
advances in Biochemistry of first-rate importance and so it has been found 
necessary* not only to incorporate new subject matter, but to rewrite a 
considerable portion of the whole book. The general plan and style of treat¬ 
ment has been preserved and the author aims at giving a fairly oomprohensive 
but not unduly profound survey of the subject, the student being referred, 
for fuller mformation on particular branches of the subject* to various mono¬ 
graphs and onginal papers. It is almost impossible in a book of this nature 
to satyiafy all critics. Some might regret, for instance, that there is no chapter 
or section devoted to the biochemistry of muscular contraction, the various 
aspects of the subject being foimd m chapters on carbohydrate metabolism* 
fat metabolism* creatine* etc. Most of the facts seem to be given* but the 
ordmary student might have some difficulty m forming a comprehensive picture. 
However* the best typo of arrangement is* no doubt* a matter for individual 
judgment. The fastidious cntic might likewise find fault with certain points of 
detail. For example, whatever may be the relative ments of phosphocreatine 
and creatine phosphoric acid to denote the compound of creatine and phosphoric 
acid in muscle it would seem to be as well in a short section on the subject 
to use the one name consistently and not to employ both, but still more 
reprehensible would seem to be the replacement of those two names by 
“ creatine phosphate ” (apparently a hybrid between creatine phosphoric acid 
and sodium creatine phosphate), which the intelligent student might well 
imagine to denote a simple salt of creatine and phosphoric acid. In spite of 
these details the book gives a very useful and reatdable survey of Biochemistry 
and no effort seems to have been spared to bring it up to date. 

W. O. K. 

GEOLOGY 

Tertiary Faunas. A text-book for oilfield paksontologists and students 
of geology. VoL II: The Sequence of Tebtiaby Faunas. By A. 
Mobley Davies, D.So.* A.R.C.S.* F.O.S. (Pp. x + 262, with frontis¬ 
piece and 28 figures.) (London; Thomas Murby & Co., 1934. 15#. 
net.) 

Sme® William Smithes original discovery that strata could be identified by 
the organised fossils they contained, the division of geological time into Eras* 
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PeriodB aad Epoohs has been carried on to a more and more detailed sub- 
division* primarily on a palieontologioal basis. 

These subdivisions* first made in some small area, have often been shown 
to be recognisable beyond its borders and have gradually been extended imtil 
in some oases they have become world-wide. 

The possibility of such extensive correlations depends on the occurrence 
in the rocks under consideration of animals whose characters rapidly change 
by evolution, and which have a very extensive geographical range. In 
Palieozoic time the graptolitos met these requirements admirably, and the 
goniatitCH and ammonites are as satisfactory for late palssozoic and mesozoio 
times. But their disappearance at the end of the Cretaceous left no group 
of animals which combined these qualities. 

In consequence, the subdivision of the Tertiary rocks into small groups 
has always been unsatisfactory ; the still-oontmuing uncertainty of the ages 
of the marine Tertiary deposits of Patagonia, Australia and New Zealand 
stands in sharp contrast to our wdative assurance of the correlation of the 
PalfiBozoio €«id Mesozoic deposits of these areas. 

The difficulties of Tertiary palssontology arise from many factors. The 
period probably covers a much shorter period of time than the Mesozoio, so 
that its subdivisions are correspondingly shorter, and a group of animals to 
be of value for zonal purposes in Tertiary rocks must have a very rapid 
evolutionary rate. Experience has shown that the mollusca, which are the 
most abundant of all Tertiary fossils, are unsatisfactory, m part because of 
the relatively long oontmuanco of the species, in part because their occurrenoe 
is largely determined by ecological conditions and because their geographical 
range is commonly small. The echinoids are better, but whilst locally 
abundant they are usually rare, each species being restricted to rooks of a 
definite facies; very unexpectedly the foraminifera prove to be amongst 
the best time-markers for those regions where the large members of the 
group lived. 

For land deposits the mammals provide excellent evidence, the more so 
beoause so much of their evolutionary history is known; but the marine 
mammals, whales, seals and sirenia are too rare to bo of use, and con in any 
ease only be identified from nearly complete skulls. The ideal groups of 
marine animals such as Copepods for example, are not capable of preservation 
as fossils. 

The study of Tertiary palsdontology is thus one of great difficulty beoause, 
to a greater extent than that of any other era, it demands very careful con¬ 
sideration of the efieots of facies,’* and an evaluation of the changes in 
fauna produced by migration from other zoogoographioal provinces. 

Dr, Morley Davies* book includes a sliort but admirable account, founded 
on the work of Peterson and his followers, of the variations in fauna, depending 
on differences in depth and in the character of the bottom, which may occur 
within very short distances in the European seas* Then he passes on to 
discuss the Zoogeographical regions of the present day as they exist on land 
and in the sea; giving us by far the best short account of the facts which 
exists. 

The bulk of the book consists of a systomatio treatment of the Tertiary 
rooks of all parts of the world, to which a discussion of the end of the 
Cretaceous period and of the rooks which have been regarded as transi¬ 
tional between tho secondary and tertiary eras acts as an introduction. 
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For each sub-division of Tertiary time we are given a condensed, but very 
intelligible, account of the fauna of each important region, with w indication 
of the facies represented and a discussion of its zoogeographioal significance. 
These accounts deal with the mammal faunas of land deposits as well as 
with marme invertebrate faunas. Each section is followed by a very extensive 
bibliography. 

The work as a whole is far more than a text-book, it is really an original 
treatise of the first rank 4 founded on an immense range of first-hand know¬ 
ledge of facts and a familiarity with a singularly unprepossessing and 
extensive literature. 

It gives for the first time a readable and comprehensive discussion of the 
Tertiary penod as a whole so far as it is reprosontixi by fossilifcrous rooks, 
and 18 distinguished by its sanity and judicious outlook as much as by tlie 
wide range of its correlations and mterpretations. 

It will be of the very greatest value, not only to those students for whom 
it is intended but to all who nocxl a guide through the tangled literature of 
the Tertiary period, for such purpose as the discussion of the past and present 
distributions of any groups of animals. 

D. M. S. Watson. 

Useful Aspects of Geology. By 8 . J. Shand, D.So., Ph.D., F.Q.S. 
Second edition. fPp. x 4 * 183, with 30 figures.] (London : Thomas 
Murby & Co., 1934. 6 s. net.) 

Thebe are many small introductory works available which deal with the 
study of elementary geology, but none of them treat the subject m quite 
the same way as does Prof. Shand in this little book; and with the ever- 
increasing applications of geological science to everyday problems such as 
water supply, the finding of oil and the choice of roadmakmg and building 
stones, there is no doubt that Useful Aspects of Geology will appeal to an even 
wider circle of readers m its siKJond edition than m its first. 

As might be expected, the portion dealing with palssontology, that 
branch of the science which becomes more and more the province of the 
specialist, is kept within wisely narrow limits, while the study of rocks proper 
is set out m a way which is simple and yet adequate for elementary purposes. 
The difficult subject of metamorphism is also well covered, a special feature 
being the avoidance of long names which only succeed m terrifying the 
beginner. 

The diagrams are exceedingly clear, being almost equal in this respect 
to the solid models of the lecture-room table, and are far more effeccive for 
their purpose tlian photographs. The bibliography which is appended at 
the end of each chapter is a feature which comment itself, the books given 
being evidently chosen with care. 

Besides its special use for students of applied geology, civil engineering 
and surveying, raining, oil technology, etc. the book would form a welcome 
addition to the shelves of a geographical library. For clarity of expression 
and sustained mterest the work would be hard to surpass. 

B. H. KNrxOHT. 
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BOTANY 

^An Xntroduotion to Plant Biochemistry. By Catkabxnib Cassbls 
Stbkud, M.A., B.Sc., Ph.D. [Pp. viii -f 356, with 12 figures.] (Lon¬ 
don : G. Boll Sc Sons, Ltd., 1934. 15^. net.) 

This book is intended to provide students of Botany with an introductory 
account of the chemical nature and relationships of the substanoes elaborated 
by plants. The subject matter is divided into seven parts, the first of which 
IS an introduction and contams a bnef account of the colloidal State ; the 
second deals with alcohols, fats and oils cuid the tlurd with aldehydes and 
ketones and carbohydrates ; Part 4 is devoted to plant acids and the remain¬ 
ing three parts to proteins, cyclic compounds and plant metabolism. As 
stated in the preface, the material is an elaboration of a series of about thirty 
lectures to students m biochemistry, and the accompanying experiments 
form a parallel elementary course of practical instruction. Throughout the 
text there is liberal reference to the botanical source of occurrence of the 
substances discussed and a separate mdex of botanical names bears witness 
to this. The physiological aspect of the subject has also been kept well 
to the fore emd wherever possible it has been introduced mto the general 
text so that the student may be contmually reminded of the significance to 
the plant of the substances discussed. In the last part of the book, under 
the headmg of Plant Metabolism, there are to be foimd some clear and con* 
Oise accounts of such subjects as Photos 3 rnthesi 8 , Nitrogen metabolism, 
Respiration, Growth, Fruit ripening and storage and the chemical effects of 
cold and frost on plants. The book is thoroughly up to date and the author 
may be congratulated upon having produced a readable book which contains 
a very considerable amount of mformation in a comparatively small compass. 

P. H. 


^Transactions of the Bose Research Institute, Calcutta. Vol. VIII, 
1932-33. Biological and Physical Researches. Edited by Sib Jaoa- 
DI8 Chunobb Bosk, M.A., D.Sc., LL.D., F.R.S., C.S.I., C.I.E. 
[Pp. vi -h 266, with 131 figures.] (London, New York, Toronto ; 
Longmans, Green & Co., 1934. 21s. net.) 

This volume of the Tmndcu^wna of the Bose Institute contains thirteen contri¬ 
butions in addition to an Introduction by the Editor which is a summary of 
the various investigations. 

The Table of Contents shows that these investigations cover a wider field 
than hitherto; naturally botanical work is most represented; but there 
are also papers on xoology, biochemistry, physios and anthropology. 

In addition to the Introduction, Sir Jagadis Bose contributes some 
observations on the reactions of fish to sound emd water disturbance. In 
the same paper ho desenbes the effects of extracts of MUlsUia pachycarpa 
and Oajanus indicus on various fish. MiUeUia is known as a fish poison 
and contains saponin; it is, therefore, not remarkable that it proved fatal 
to all the fish. The extract of Cajanus also proved toxic, but to a lessor 
degree, and a dilution was found that was fatal to one kind of fish but not 
to the other three experimented on. It would be interesting to know what 
is the toxio principle in Ottjmus, a food and fodder plant; no authority, as 
far as has been ascertained, describes it as having poisonous properties. 

Das and Palit describe the sleep movements of Averrhoa in darkness and 
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in strong light. Thay also record their observations on the excitatory impulse 
in plants which, unlike Mimo&a, show no obvious response to tactile stimula¬ 
tion. They dnd that the motor mechanism is oaseuatially similar in sensitive 
and in ordinary plemts. 

Guha-Thakinrta and Dutt contribute two papers: one on the effect of 
external stimulation on the diametric growth of stems, and the second on 
the automatic recording of the elongation of roots and variations in the rate 
induced by light, electric shook, ether, carbon dioxide and ammonia. 

G. P. Das describes the effect of adrenalin and other drugs on the move¬ 
ments of the frog’s heart and the leaflets of Desmodium gyrana^ and N. N. Das 
describes the action of extracts of various plants on the peristalsis of different 
regions of the alimentary canal of the frog. 

Nag records his observations on the manganese content of the leaves 
of various plants, mostly Conifenc. He finds the amount varies according 
to habitat. The female cones have a relatively large amount and the leaves 
of the fertile branches show an increased content during cone production. 
This does not obtam in the male cones. The value of the results would have 
been enhanced by estimations of the manganese content of the soils of the 
various habitats. 

Nag and K. N. Bose describe an orgamc principle isolated from Eupatorium 
ayapana, 

Banorjee characterises the fats of Phaseolua radiahia and Cicar arietinum. 

Baau considers the racial affimties of the Mundas, a primitive Indian 
people. Whilst the cranial measurements indicate a general a&uty with the 
Veddahs and Austrahons, they show marked differences from the Proto- 
australoid type charaotenstic of the prehistoric folk of the Indus valley. 

Fmally, there are two papers on the absorption spectra of silver and lead 
halides by Datta and Deb respectively. 

T. G. H. 


Identiffcation of the Commercial Timbera of the United States. 
By H. P. Brown, Ph.D., and A. J. Panshin, Ph.D, [Pp. xxvi -f 223, 
with 60 plates and 6 figures.] (New York and London : McGraw-HiU 
Book Co., Inc., 1934. 18s, net.) 

Identification of the Timhers of Temperate North America: 
including Anatomy and Certain Physical Properties of Wood. 

By Samuel J. Kscobd, M.A., M.F., So.D, p?p. x + 196, with 
frontispiece, 6 plates and 47 figures.] (New York: John Wiley A 
Sons, Ino.; London: Chapman Sc Hall, Ltd., 1934. 18s* 6dl* net.) 

With the appearance of these two works it is not too much to claim that 
the commercial timbers of the North American continent are adequately 
monographed as to their anatomy; the identification of the commoner 
woods of that part of the world should now prove a relatively simple matter, 
at least genonoally, for in both works one is impressed with the didioulty 
or even impossibility of identifying closely related speoies on anatomical 
featmres. 

The treatise of Brown and Panshin forms the first volume of an ambitious 
imdortakmg—^The American Forestry Series—a work which, it is hoped, will 
ultimately provide a set of text-books and works of reference for the whole 
field of forestry. In the present volume there are introductory chapters 
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on the struoture and physical properties of wood; but these have been 
reduced to a minimum^ and the remainder the book is occupied by two 
keys and a section upon the specific anatomy of the woods dealt with in the 
keys. The first key is based upon gross features, such as are visible to the 
unaided eye or with a x 10 lens. In the second key the diagnoses involve 
minute features. The use of the keys is greatly facilitated by nearly 300 
photomicrographs depicting mostly transverse and tangential Icmgitudinal 
sections of the timbers dealt with ; those intended for use with the first key 
are x 5, those with the second x 75. Both authors and publishers are to 
be congratulated upon the uniform excellence of these illustrations ; further, 
the magnifications selected are neither too high nor too low, a not uncommon 
failing with illustrations of this t 3 rpe. It is to be regretted that the authors 
have followed the usual practice of figuring transverse and tangential longi- 
tudmal sections, while radial longitudmal sections are almost completely 
ignored ; perhaps this practice may be defended as far as dicotyledonous 
woods are concerned, but it is surely desirable that rsuiial longitudinal sec¬ 
tions of coniferous timbers should be figured ; this would, it is true, greatly 
have increased the number of illustrations, unless with coniferous woods, the 
radial section had replaced the transverse, surely a gain rather than a loss 
in the value of the illustrations. 

Prof. Reoord^s book has been written to replace his well-known IdenHflea- 
Hon of the Economic Woods of the United SUUes. It adopts the same general 
hues as Brown and Panshin, but the first part—“ Anatomy and Certain 
Physical Properties of Wood **—covers a much wider field ; the author deals 
with the anatomy of woods generally, and his text covers the ground more 
completely than any former treatment of this subject. This section of the 
book should prove valuable as a reference book to students of plant anatomy 
on all pomts concemmg the anatomy of the secondary xylem. The second 
part of the book is a key to the North American timbers, followed by descrip¬ 
tions of the woods dealt with m the key; the descriptions concern the dis¬ 
tribution, abundance and uses of the timbers : this section of the book is 
illustrated by some 36 photomicrographs, but soma of the transverse sections 
are disappointmg in depicting far too small an area to be of value in identi¬ 
fication. In the re viewer *s opinion these illustrations do not reach the same 
standard of usefulness as those—mostly photomicrographs—^which illustrate 
the first part of the book. 

Although covering much the same ground these two books are comple¬ 
mentary ; for general wood anatomy Record's work is indispensable, while 
the identification of the North Amorioan timbers receives fuller treatment 
in the hands of Brown and Panshin. 

F. W. J. 

ZOOLOGY 

Introduotioii to Cytology. By Lbstbb W. Sbabp, Cornell University. 

Third edition. [Pp. xiv -f 567, with 230 figures.] (New York and 

London : MoQraw-Hill Book Co., Inc., 1934. 30s. net.) 

Tbb second edition of this deservedly well-known text-book appeared in 
1026. Since then a considerable amount of important o 3 rtologica] work has 
appeared either in new fields or in old attacked by newer or more precise 
methods, with the result that many undecided or controversial pomts that 
tlien seemed in^rtant have either been solved or fallen into comparative 



766 SCIENCE PB00BE8S 

insignificance and other aspects are warmly discussed or have become the 
centres of interest. 

The ultra-microscopio nature of the cell wall, the observation of living 
cells and nuclei, especially in connection with cell formation, nuclear and 
chromosome structure, the morphology and structure of the chromosomes, 
have proved especially fertile fields and with the study of meiosis, including 
unusual chromosomal behaviour such as fragmentation and translocation, 
of heteroploidy and cytogenetics, have been very productive of results and 
connect up better than ever before with results obtamed in genetics. 

The work has been brought up to date in figures, text and bibliography, 
so as adequately to deal with such matters and has been pruned severely and 
rearranged, settmg out to treat chiefly of the structural and genetical 

aspects of cytology it by no means neglects other aspects, the physical 
and chemical; indeed, the present edition presents an excellent account of 
the present state of cytology. 

E. M. C. 


Tha Natural Hiatory of the Herring in Scottish Waters. By 

Henry Wood, M.A., Ph.D. The Buckland Lectures for 1932, Third 

Series. [Pp. 36, with 7 figures and 2 charts.] (Aberdeen: The 

Pishmg News, 1934. 6d.) 

Francis Trevelyan Bttcxland died in 1880, and under his will he left to 
the nation a sum with which to endow a Professorship of Economic Fish 
Culture. The Buckland Foundation (1926) admmisters the income derived 
from the Trust Fund, and three trustees are appointed to carry into effect 
a scheme for the appboation of the bequest. This scheme provides for the 
appointment annually of a Professor of Economic Pish Culture, whose duty 
shall be to deliver lectures at such places, m the United Kingdom or Ireland, 
as the Trustees shall from time to time determine. Dr. Henry Wood, Senior 
Naturalist of the Fishery Board for Scotland, held the appointment of Buck- 
land Professor for 1932 and delivered lectures in Scotland on the herring 
and its fishery m Scottish waters. The full text of the' lectures was first 
prmted in current issues of the Fishing News and afterwards re-issued in 
booklet form. To those wishing to become mformed of the progress made 
m the scientific study of herring fishing, nothing supenor to Dr. Wood's 
accoimt could be recommended. In it will be found a clear and concise 
descnption of the methods by which salient facts in the natural history of 
the herrmg have been determined and the knowledge applied to the problems 
of the commercial fisheries. Dr. Wood shows that there are still gaps in our 
knowledge, but he remains calmly confident that they will eventually be 
filled. Judging by the happy note on which he concludes, we may find 
assurance that his future mvestigations will be as successful as those already 
completed: “ The scientist is aware more than anyone else of the work 
remaining to be done, and m tackling this work there is nothing more appre¬ 
ciated and encouraging than the sympathetic interest and helpful criticism 
of the men who handle the herring, whether at sea on a drifter or on land 
in the curing yard.” That, surely, is a statement which would have met 
with the full approval of Buckland himself. 


E. P. 
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The Natural History of the Herrins^ of the Southern North Sea. 

Being the Buokland Lectiires for 1933. By WnxiAM C. Hodgson, 
D.Sc., Naturalist on the Staff of the Mmistry of Agriculture and 
Fishenes. [Pp. 120, with frontispiece and 10 figures.] (London ; 
Edward Arnold & Co., 1934. 3«. 6d. not.) 

The Buokland Foundation administrates a fund left to the nation by Francis 
Bucklond for the endowment of a Professorship of Economic Fish Culture. 
The scheme provides for on annual appointment of a “ Bucklond Professor ** 
who shall deliver certi.in lectures—usually tliree in the year—connection 
with the Economics of the Fisheries. The present work contains the “ Buck- 
land Lectures for 1933. The subject is wisely chosen, for there is no fish 
more discuHScxi at the present moment than the herrmg, and there is nobody 
better qualified to deal with it than Dr. Hodgson who has devoted his energies 
to the elucidation of herring problems. The lectures were addressed to mem¬ 
bers of the Herring Industry at North Shields, Grimsby and Yarmouth, 
but they should be read by all, for the matter is so clearly worded that any¬ 
one could understand it and there is much important mforraation brought 
together in a small space which should be known by the general public and 
not only by the herring specialist and general scientific man. 

The tale of the herring, its hfe, migrations and fluctuation is a romance. 
Its mterpretation represents years of hard working and hard thinking on the 
part of on enomious band of enthusiastic scientific experts. One of the 
results of this combined work is that given certain conchtions it is possible 
to forecast the quality of the herring fishery for some years ahead. The 
methods by which these results are acluevod are fully described in this book. 
One of the most interesting parts is the description m the last chapter of the 
failure of the North Sea Fishery for the season of 1933 when the ordinary 
movements of the herring were interfered with by huge barriers of phyto¬ 
plankton—^minute plants proliferating to such an extent that the herrings 
were actually prevented from passing through and were obliged to moke 
wide d6tours, resulting in their being found m quite different places from 
where they should liave been. 

The size of net mesh is a very important subject just now, when so much 
depends on the fishing and selling of fish of only the host quality. All this 
is fully discussed, and the book ends on a cheerful note urguig the fishermen 
in their own interests to concentrate on the fishing of otiult stock only—a 
question of vital importance. 

M. V. L. 


MEDXCOnB 

.^Vatwinary Helminthology and Entomology : The Dieeasee of 
Domeeticated Aiiimale caused by Helminth and Arthropod 
Paraaitee. By H. 0. M6 nnig, B.A., Dr. Phil., B.V.So. [Pp. xvi 
4- 402, with 264 figures, including 12 plates.] (London: Baillidre, 
Tindall A Cox, 1984. 30s. net.) 

This book deals with the most important diseases of domesticated and fur- 
beoiing animals caused by helminth and arthropod parasites in all parts of 
the world. It is divided into four main sections as follows: 1, General 
(pp. 51-10) treats briefiy of parasitism, pathogenicity, host organ specificity, 
resistance and immunity, epizootology, geographical distribution and hia* 
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torioaL 2, Technique (pp. 1S~22). Under this head ahori aocounta are 
given of gpecial methods for collecting and preserving parasites, making 
permanent preparations, special diagnostic methods including examination 
of excreta, egg-coimtmg technique and cultural metlioda for larvte* 3, 
Edm/inth Pamaitea (pp. 22-259). This large section deals with parasites 
belonging to the classes Trematoda, Cestoda, Nematoda, Aoanthocephala 
and Annelida. Each class is introduced with a brief general account and is 
then dealt with under orders and families whilst the chief genera and species 
within each family are** succmctly dciscribed. 4, Arthropod Farcuntea (pp. 
269-381). After a general introduction this section is divided into two parts 
A and B, Under (A) the directly poisonous forms of Insects and Myriapods 
are discussed, whilst under (B) the Arthropods as parasites or as transmitters 
of disease are considered, mcluding Insects, Arachnids and Pentastomids. 
The same arrangement of the subject matter is followed as in the helminth 
section ; the classes being dealt with under orders, families and genera. 

The moiphological descriptions of the various organisms throughout are 
reduced to minimal dimensions but the author has aimed at giving sufficient 
data to enable each parasite to be identified. For most of the forma con¬ 
sidered besides the description of the parasite, there are included particulars 
on life-cycle, pathogenicity, symptoms, diagnosis, treatment and prophylaxis ; 
all of which are set out m admirably brief form. The practical aspects of 
medication are adequately described. 

In addition to several plates, the book is illustrated with a large niunber 
of excellent Ime drawings the majority of which are from ongmals by the 
author. It is a pity, however, that most of these lack scales of magnification 
or any indication m the accompanying legend of the enlargement. The 
author is to be congratulated on the lucid, concise and practical manner in 
which he has presented his subject, and the publishers on the excellent appear¬ 
ance of the book, which should prove very valuable to veterinary students 
and practitioners. 

T. a. 

Eaaentiala of Histology. Descriptive and Practical. ,By Sir E. SHAkrmr- 
ScHAFER, F.R.8. Thirteenth edition, edited by H. M. Cablbtok. 
[Pp. X + 618, with 721 figures and 2 plates.] (London, New York, 
Toronto : Longmans, Green A Co., 1934. 15s. net.) 

It would bo superfluous to praise a text-book which, now forty-nine years 
old, has been revised twelve timtie by its original author and once by Dr. 
H. M. Carleton, and has sold ninety-two thousand copies. This history 
speaks for itself. In the present (thirteenth) edition, certain portions, such 
as the sections on the development of blood corpuscles and on ossification, 
have been rewntten, and a number of the older illustrations have been 
replaced by new figures, mainly photographs of microscopic preparations. 
But the changes are not considerable, and one lias the feeling, as one turns 
the pages fresh from the press, of welcoming again an old and trusted friend* 
We suggest that in futine editions the statements that the nucleeur mem¬ 
brane is made out of chromatin (p. 11), and that the chromosomes form a 
spireme during mitosis (p. 16 and elsewhere) bo dropped. Also, although 
the book is essentially a treatise on mammalian histology, the ocoaaiox^ 
excursions into the histology of other forms might perhaps be expanded and 
increased in number. The cilia of the blue mussel and the muscle fibres of 
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inaeots afford admirable material for praotical study and are already included ; 
space might perhaps be found for the beautiful and easily observed amoe- 
booytes of the garden snail, for the ©gg cells in the ovary of the cockroach, 
and for the sperms and eggs of the sea-urchin, in which animal fertilisation 
and early segmentation can be so easily observed. 

G. P. Wains. 

Paychiology and Paycliotherapy. By Wuxiam Bbown, M.D. (Oxon.), 

D.So. (Load.) P.R.C.P. Third Edition. [Pp. viii + 252.] (London : 

Edward Arnold & Co., 1934. 12s. 6d. net.) 

Thu third edition of Dr. Brown’s Psychology and Paychotlierapy has been so 
revised and enlarged that it has the appearance of a new work, and should 
replace the earlier editions on the shelves of those already possessing one; 
while those who are mterested in the many aspects of modem psychology, 
and have not yet read the book, should find in its pages much that will arrest 
them and prove of the greatest interest. For Dr. Brown looks upon the 
problems of psychology from many angles, both theoretical and practical; 
and indeed he is singularly equipped to deal with them from as many points 
of view. His own personal approach has been by way of plnlosophy, physio¬ 
logy, mathematics, statistics, laboratory research, and medicme; m which 
last he has specialised now for many years as a psychotherapist. This latter 
practical interest, however, has never led him away from his earlier ones. 
He is still Wilde Reader m the Umversity of Oxford ; he is still Director of 
the Psychological Department at Bethlem ; and no less than three Appendices 
to the present work show how keenly he is still elaboratmg the statistical 
analysis of tests of mental ability. 

Such a varied outlook to a large extent explains the aim of the book and 
the plan on which it has been written ; though for the most part Dr. Brown 
confines himself to topics of practical usefulness and, in particular, to those 
which have a defimte beanng upqn humem life in health and in disease. He 
shows how the forces that make for or militate against the wellbeing of the 
individual may also play their part for or against the wellbeing of com¬ 
munities, and points out how psychology itself ramifies into the problems 
of ethics, politics, economics, and the like, with which the world is faced— 
with which we are attemptmg to grapple—at the present day. To do this 
successfully it is not enougli to study the normal mental processes of human 
beings. The abnormal must bo studied as well; for it is in the abnormal 
that the misdirected mental forces may be seen at work. Accordingly, we 
have chapters on Mental Dissociation, Multiple Personality, Dream Theory, 
the Unconscious, Theories of Emotion, War Psychoneuroses, Alcoholism, 
Adolecsence, Suggestion and Faith, Personal Influence, and the Psychology 
of Peace and War, following one another, and presenting a growing picture 
of cultural problems sketched in over the background of personal ones. Not 
every reader will agree in detml with Dr. Brown in respect of all the subjects 
that are touched upon in this book ; but everyone will be impressed by the 
general thesis. Two chapters of a more philosophical and speculative char¬ 
acter foUow the topics cited. One is on the Relation of Mmd to Bram, and 
the other on Psychical Research, to which is added a short passage on The 
Eternal Values. Besides the three Appendices noted above—a Statistical 
Examinat&on of Mental Ability, the Two-Factor Theory, and the Sampling 
Theory—^which will not perhaps so greatly interest the general reader, there 
are two others that certainly will. In the first, three oases of War Neurosis 
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are described ; and the second oonaiste in an account of a deep mental analysis 
that covered several years, written by one of Dr. Brown’s patients himself. 
These two Appendices show, by way of samples, the kind of data upon which 
psychopathological theory and psychotherapeutic practice are based. But 
such samples, and oven tlie data derived from his own large practice in 
medical psychology, are not the only sources of Dr. Brown’s wide knowledge 
in this sphere. He is obviously acquainted with the extensive literature 
concerning it; and, by way of balanced criticism, he has reached a position 
for himself which, as he jnodestly says m his Preface, is “ synthetic rather 
than eclectic, and (he hopes) free from at least glarmg contradictions.” 

F. A. 

The Circulation ol the Blood. By Winifred Parsons, M.A. Sheldon 
Books of Popular Science. [Pp. 204, with frontispiece and 30 figures.] 
(London : The Sheldon Press ; New York : The Macmillan Co., 1934. 
5«. net.) 

The general editors of the Sheldon Books of popular science write ; ” In the 
middle ages of western Europe, the everyday life of the vast majority of men 
and women was dommated by Religion and Theology, but now, and in the 
immediate future, this dominance belongs and will belong, for better or worse, 
to Science. It is important that those whose lives have to be spent in such 
a period should have some understanding, not so much of the results of 
scientific work as of its methods, its way of thought, its presuppositions, its 
world outlook. We hope that this senes of hooks, wntten in unteohnical 
language by scientific workers actively engaged in research, will oontnbute 
to such an understanding.” Rarely does a book so aptly fit the publisher’s 
advertisment as The Circulation of the Blood by Winifred Parsons. The 
hopes of the editors should surely not be vain. The easy almost conver¬ 
sational stylo and clear expression of this most important—really vital— 
subject will enable the iminformed reckier to realise many facts about his 
or her personal mew^hmery which hitherto were only vaguely felt, and may 
introduce the mquirmg amateur to the elementary methods of physiology 
and research. It would perhaps bo useful if the key letters in Figs. 5, 9 and 
7 were included m the text. 

The chapter on the electrocardiograph strikes a less elementary note and 
will appeal to more advanced readers, to physiological and medical students. 
The final chapter on the history of the subject from Aristotle to Harvey and 
Stephen Hales is well arranged emd forms a fitting appendix to this in every 
way successful bttle book. 

p jr. 


PHILOSOPHY AND THE HISTORY OP SCIENCB. 

Science in an Irrational Society. By H. Lbvt. Conway Memorial 
Lecture, 1984. [Pp. viii -h 82.] (London: Watts A Co., 1934. 
2s. net.) 

It is always interesting to hear the views of men of science other than pro¬ 
fessional psychologists upon the laws that govern conscious human beings 
considered as individuals in relative isolation from one another and also as 
members of sooial groups. This small volume, the importance of which is 
certainly not commensurate with its size, shows the precise thought that a 
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ixiAthematiciaii baa givea to the subject. It shows, too, how that thought, 
like any other exact thinking directed towards the solution of a scientific 
problem, is motivated by a practical and very human aim. To discover the 
laws of social change, and to understand them, moans that we are on the 
high road towards making use of them, just as we are able to make use of 
many of the laws of physical Nature to secure our material and cultural ends. 
Evan if the laws differ, as Prof. Levy shows they do, m tliat subjectivity, 
purpose and feeling enter into human activity; even if history teaches us 
that “ the types of society mankind has forged m the past have never been 
conscious of their future ; it does not follow that those laws cannot be 
consciously and purposively applied to the moulding of a better and a nobler 
social type, in which the constituent mdividuals will enjoy a fuller develop¬ 
ment and a truer freedom. Prof. Levy distinguishes between physical and 
social laws on the groimd that the former are “ brought to light,” whereas 
the latUir are ” brought into being ” by experimental methods. ” A social 
group creates its laws, and m certam circumstances may assort that it pro¬ 
poses to make a certain event occur—to make a certain prediction come true,** 
We cannot, perhaps, read mto this all the implications of orgamsmal theory ; 
for the distinction made between properties inlieritent in isolates, whether 
physical or social, and dependent upon environment, would rule this out. 
But if the whole should, in fact, determine the characters and activities, 
including the growth and development, of its every part; if the isolates we 
study in order to discover laws are artifacts, and the real laws are laws of 
wholes and of relatively segregated wholes; then we come very close to his 
final conclusion that ” the irrationalist . . . resorts to barbaric methods in 
striving to attam his irrational end ” ; for he vainly tries to set himself 
in opposition to the whole of which he is a part. ” But the laws of matter, 
the human laws of mdividuals and of social life, are expressive of necessities 
that ultimately compel the reason of man to adjust itself to their nature. 
Thus irrationality in the umversa works out its own destruction.” 

F. A. 


Newton and the Origin of Coloura. A Study of one of the earliest 
examples of scientific method. By Michaicl Kobebts and E. R. 
Thomas, M.A., M.So. Classics of Scientific Method. [Pp. viii 4- 133, 
with 8 plates and 13 figures.] (London : G. Boll & Sons, Ltd., 1934. 
3s. fid. net.) 

Thx clou of this book is a reprint of the paper which Newton sent to the Royal 
Society on February 6, 1671/2, containing an account of his investigations of 
the prismatic spectrum carried out some five years earlier and tot made 
public in the lectures which he dehvered at Cambndgo in the years Ifififi and 
lfi70. The reprint occupies 20 pages; it is preceded by a most attractive 
exposition of the development of scientific method in the seventeenth century, 
together with an account of Newton’s early life and work, of the optical work 
of his predecessors and oontemporariea and of the controversies mto which he 
was drawn by the publication of the paper. 

The authors, while doing no more than justice to Newton’s genius, are per¬ 
haps a little over-generous in their estimate of his personal oharaoter. Thus 
on p. fifi they state . Newton, though he was aware of the importance of 
his diiscovevy [relating to colours] was modest about his own share m it,” and 
quote the letter he wrote to Oldenbuig on January fi, lfi71/2, in support of 
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their statement. In this letter he said “ * at the reading of your letter I was 
surprised to see so muoh care taken about seourmg an invention to me, of 
whidi I have hitherto had so little value but here he is referring to his 
invention of the reflecting telescope. He first refers to his paper on Colours 
in a letter to Oldenburg dated January 16, 1671/2, and describes his work as 
“ being in my judgment the oddest, if not the most considerable detection, 
which hath hitherto been made in the operations of nature ”—^modesty 
indeed ! Agam, on p. 93, Newton is quoted as having written with reference 
to Hooke’s comments on his paper that he was glad ** that so acute an observer 
has said nothing that can enervate any part ” whereas, according to Birch, 
in his letter to Oldenburg on February 20 he described Hooke as an acute 
objector —a very different though possibly quite inoffensive expression. 

The last chapter of the book contains a brief accoimt of post-Newtonian 
developments in Optics. It is perhaps less excellent than the rest of the work, 
and there are several statements which would seem to require alteration or 
quahhcation. Thus, on p. 124, we road that Huygens did not see that 
darkness would be produced by the constant arrival of two wave trams of 
equal strength, but m opposite phases ” which, of course, is true for the very 
good reason that Huygens did not contemplate the existence of wave trains 
at all. On p. 127 the introduction of the conception of transverse waves is 
attributed to Fresnel and dated 1814. In fact Fresnel himself agreed that 
“ Dr. Young is the first who has annoimcod positively the possibility of such 
a property of an elastic fluid **; and Young first put forward the suggestion in 
a letter to Arago dated January 12, 1817 (Peacock, I, 390-2). The matters 
dealt with m the two preceding paragraphs are, however, of small significance 
when the quality of the book as a whole is considered. The seleotion of the 
plates, which mclude an engravmg of Newton’s birthplace and Loggon’s print 
of Trinity College in 1690, form a better indication of the care taken in its 
preparation. It forms a most useful addition to the hterature of the history 
and method of science and can be recommended unreservedly to the attention 
of all interested m those subjects. 

D. 0. W, 


Faraday. By Thomas Martin. Great Lives Series. [Pp. 144.} (Lon¬ 
don : Gerald Duckworth & Co., Ltd., 1934. 2s, net.) 

The story of Faraday’s life is remarkable even among the many remarkable 
life histones revealed by the study of the careers of famous men of soienoe. 
His parents were of good Yorkshire stock but very poor and it is said that 
when he was 10 years old they wore in receipt of public relief. His boyhood 
was spent in the mews off Manchester Square and at 13 he went to work as 
errand boy. At 21 he had oompletcHi his service as bookbinder's apprentice 
and had acquired some knowledge of science by reading books in his master’s 
shop and by attendance at Mr. Tatum’s lectures, each of which cost him a 
shilling, a shilling often provided by his elder brother Robert, the gas-fitter. 
Next year he became Davy’s laboratory assistant at the Royal Institution— 
a post soon relinquished in favour of an eighteen months’ tour through 
Europe as Davy’s scientific assistant. Back at the Royal Institution, his 
reputation grew apace so that at 32 he was elected first secretary of the 
Athenaeum, at 33 Fellow of the Royal Society, at 34 Director of the Labora¬ 
tory at the Royal Institution and fully launched on the career which was to 
establish his faune for all time. 
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The details of this career are fetched in a masterly way by Mr. Thomas 
Martin the editor of the Diary now in course of publication. Much of the 
soientiflc work which he describes will be familiar to all readers of this review^ 
but even those who have read Bence Joneses volumes will enjoy the very vivid 
pictures given to us of Faraday’s private life—of his love of music and childish 
games, of his work as an eider of the Sandemanian Chapel and of his loss of 
that office when, being commanded to dme with the Quoen one Sunday, he 
was absent from the meeting. A few details of Faraday’s income are avail¬ 
able. His salary from the Royal Institution was always wretchedly small— 
only £300 in 1853; but once he became known he was able to augment his 
income by consulting fees, and he held several posts, so that from his fortieth 
year onwards his moome cannot well have been less than £1,000 a year. He 
hod also his rooms m Albemarle Street and so could live in comfort in the 
manner he desired. He had one serious period of ill-health, due to overwork, 
and as a result did but little research during the period 1840-44. His last 
paper—on rogelation—woe pubhshed m 1860, and the experiment he per¬ 
formed on March 12, 1862, in his seventy-first year, concluded the long record 
in his diary. He died, after two years of gradually mcroasing weakness, on 
August 26, 1867. 

Mr. Martin’s book forms one of Messrs. Duckworth’s series of Great Lives 
and we must coimt ourselves fortunate that they succeeded in persuadmg him 
to wnte it for our very great pleasure. 

D. O. W. 


MISCELLANEOUS 

Ocean Waves : and Kindred Geophysical Phenomena. By 

Vatjohan Cornish, D.Sc. With additional notes by Harold 
Jeftrigys, M.A., D.Sc., F.R.S. [Pp. xvi -f 164, with 26 plates.] 
(Cambridge ; at the University Press, 1934. 10s. not.) 

Dr. Vaughan Cornish has been well known as a student of waves since his 
first paper on the topic appeared in the Geographical Journal in 1897. He 
has been fortunate in having both freedom to travel widely and a purpose 
for his journeys—to study snow waves in a Canadian winter; sand waves 
on the sea beaches of England and Wales, and in the desert borders of Egypt; 
waves of the lakes, the narrow seas, and the oceans, as well as those of more 
confined waters ; and, not least, the tidal bores of several rivers. This book 
is essentially a record of his observations all of which include, as an essontial 
part, measurements as accurate as the conditions of observation allowed. 
To these ho has added many reports of comparable observations by others. 
The book is a record which will be of groat value in the further study of waves 
and wave-motion. In some oases he has found that mdividual observations 
are necessarily moompleto; and he makes an interesting suggestion for 
team-work to secure a series of records of the movements along the course 
of the Trent “ eagre ” which may be commended. The twenty-six pictures 
are excellent examples of the author’s skill as a photographer and of well- 
selected illustrations. 

Dr. Harold Jeffrey has contributed, in the final fifth of the volume, a 
note on the mathematical theory of waves in so far as it applies to those of 
Dr. Cornish’s results which can be explained at present; and he draws 
attention to those which are as yet unexplained by theoretical mathematics. 

C. B. F. 
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Africa : A Social, Economic and Political Gaograplqr Of ita Major 
Hegiona. By Waltbr FirzoaBJU^o, M.A. [Pp. xvi -f 462, with 
90 maps and diagrams.] (London : Methuen A Co., Ltd., 1934. lOe. 
net.) 

This is the latest volume in Methuen's series of advanoed geographies ; and 
it goes far to fill one of the more awkward gaps in the literature of the 
subject. Before its appearance there was no comprehensive work on the 
geography of Africa, except for some elementary texts. Doubtless one of 
the reasons for this lack was the difficulty of producing a homogeneous work 
which arises from the great variety, in both kind and quantity, of the material 
available for different areas. Egypt and Abyssinia, the Union of South 
Africa and the Portuguese African possessions, and even the Katanga and 
Northern Rhodesia provide instances of this disparity. If, then, some parts 
of the present work look rather thin as compared with others, the blame 
should not be laid at the author's door. 

The work is divided into three parts, of which the first two, covering 
about a third of the volume, are concerned with the physical and human 
aspects of the oontment as a whole. Part III is devoted to a regional treat¬ 
ment of the broader geographical divisions of the continent. This is the 
essential work ; and it is well done. The author has avoided the temptation 
to think only in terms of economic geography, and of economic geography 
only m terms of the exploitation of the natural wealth by European industrial 
and commercial interests. In particular his analysis of the interrelations of 
White and Black imder a variety of geographical settings and political 
regimes gives ample evidence of his willmgness to use his geographical studies 
as bases on which to form judgments. His particular conclusions may be 
accepted or rejected according to the prejudice of the reader, but will be 
widely regarded as soimd. In any case it is the author's readiness to weigh 
and evaluate the material available that lifts the work above the level of a 
more text-book. Good select bibliographies and an adequate index are 
mcluded. 

R. O. B. 

The Handbook of Palestine and Trans*-Jordan. Edited by Sir 
Haeey Lukk, C.M.G., B.Litt., M.A., and Edward Kjbitr-Eoaoh, 
O.B.E. Third edition. [Pp. xvi -f 549, with frontispiece and map 
m end pocket.] (London : McKimillan A Co., Ltd., 1934. 15s. net.) 

Trb cluef characteristic of Palestine is its variety, human and physical; but 
it may be news to some readers that no less than sixty languages are spoken 
in that small country, whose land area is less than ten thousand square miles 
and population only just over one million (census of 1981). The religious 
complexity is almost as great as the linguistic. 

The seven sections, or chapters, on Palestine deal respectively with 
(I) Geography and History—very little geography, in contrast to a good 
summary of the history; though both aspects are similarly complex and 
important. (II) Peoples and Religions—a clear and useful account; though 
the reader may wonder whether the so-called “ racial " strife is not in fact 
religious strife. (Ill) Archfisology—^with a full treatment of ancient and 
medieval architectural remains. (IV) Communications and Information for 
Tourists. (V) Government and Government Activities—which indicates the 
manifold nature of administrative work in a land which until recently 
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entirely unequipped for modem oiviliaed life. It may be noted that Railwa 3 r 8 
and Poats and Telegraphs are desoribod m section V rather than in IV. 
(VI) Commerce, Industry and Miscellaneous. This includes accounts of the 
three calendars in use by Jews, Muslims and Orthodox Christians; and of 
the exploitation of the salts of the Dead Sea, (VII) on Geology, Mining and 
Natural History, a section which suffers even more than most of the others 
from the absence of diagrams and other illustrations. 

Trans-Jordan is descnbed, more briefly, on the same plan. 

The book is a careful and authoritative compilation ; it includes lists of 
the Government publications, and of other references. 

The map is that by the Survey of Palestine on the scale of 1: 760,000. 
It leaves very much to be desired. On this scale, and given a survey of 
the type described on pp. 275-8, it should be possible to show contours at 
much closer intervals than 300 metres, with less generalisation, and perhaps 
with a distmction betweem surveyed and sketched contours. Also the 
occasional figures of altitude given in the text would bo more useful on the 
map. The boundaries, and names, of districts and sub-districts should be 
shown on the inset. Tlie “ unendmg sinuosities ** of the Jordan (p. 8) are 
not in any way suggested on the map ; and no other stream is even named, 
though the text names four other rivers and many wadis whose position 
a reader may wish to know. The map generally uses the spelling of names 
adopted by the Government, and referred to on p. 383 ; but the text spelling 
differs in many places (o.g. on pp. 6, 7, 77, 278, etc.). Apparently this map 
was not used by the editors. It is to be hoped that m future editions a much 
better map con be supplied, and that the text and the map will be m 
agreement. 

More detailed climatic data would also bo of value. In this edition 
** Climate ** is disposed of m four paragraplis, on pp. 283 and 299-300, with 
precise but inadequate statistics for Jerusalem only. 

The fullness and authoritative character of the acooimts of the historj’^ 
and arohieology, of the peoples and religions, and of the administrative 
services, have established this as the best reference book on those aspects of 
Palestme and Trans-Jordan. Its treatment of other aspects of the lands 
should be raised to the same level. 

C. B. F. 


Dust. By 8 . Cykil Blacktin, M.So., Ph.D., A.T.C. [Pp. xii 4- 296, with 

4 figures, including 2 plates.] (London : Chapman & Hall, Ltd., 1934. 

18s« net.) 

Tmo term “ dust ’* conveys to the ordinary person a powdery something of 
no value and a nuisance, which it is the business of the good housewife to 
remove. But a glance at the headings of the various chapters, which make 
up the contents of this book will enlarge his view of the real meaning of the 
word in its varied applications. One has only to note references to diist 
storms, coal dust in its physical and industrial aspects, cosmic dust, etc. to 
realise tl^e wider significance of the term; and indeed the author considers 
that the very existence of the human race is bound up with dust. At the 
same time it should be pointed out that he gives the term a very generous 
interpretation, for it embraces particles of very diverse sizes. The book is 
divided into chapters on Dust in nature, in experimental science, in industry 
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and in phyaiology and eaoh is developed in oonsiderable detail and with very 
complete references. 

The opening chapter on oosmio dust gives an account of the meteorites 
falling on our earth from Heaven knows where. It is followed by one on 
earth dust movements promoted by the combined action of wind and gravity. 
The chapter which will probably appeal to the general reader will be that on 
dust in everyday experience,** Here we read of the efifect of aerial dust 
on visibility. “ A very clear air,” so the author says, ” may contain 30,000 
to 60,000 particles m a cubi6 centimetre ’* yet “ a breeae raising visible road 
dust may have added but 1,000 particles ** to those already present. Referring 
to smoke pollution, he points out that the larger suspended particles of smoke 
and dust may cut off a large proportion of sunlight and 37 per cent, loss has 
actually been recorded in Liondon, Besides its effect on light the smoky 
atmosphere in mdustrial areas may be the cause, as some authorities main¬ 
tain, of pulmonary and bronchial disease as well as heavy monetary loss for 
cleansing and repair of buildings, estimated for the West Riding of Yorkshire 
at about £6 million per annum. 

Various distances are given by different authorities which smoke particles 
may travel, and the writer of this review has observed the occasional forma¬ 
tion of films of soot on Coniston Lake when the wind (S. or S.E.) has been 
from an industrial quarter, possibly Leeds or Bradford, a distance of nearl}^ 
90 nules. The loss from soot of domestic and mdustrial fuel has been com¬ 
puted at 3 million tons per annum in this country, and the further monetary 
loss from the additional cost of cleansing must be considerable ; for Messrs. 
Simon & Fitzgerald estimate that household washing in Manchester would 
be reduced by £260,000 a year if the air were as clean as at Harrogate. How 
far the nuisanoe can be controlled is exemplified by Salt Lake City, which 
consumes annually half a milhon tons of bituminous coal and whore, by 
stnct inspection, the air pollution has been reduced by 85 per cent. 

A new source of dust pollution indicated by the author is from increasing 
motor and air traffic by the introduction of rubber dust and waste carbonaceous 
products, and he estimates that the 8 million tyres on the 2 million cars 
hcensedm Great Britain will produce 6 X 10^ particles of 20 microns diam¬ 
eter per annum. Full details of this interesting calculation are carefully 
recorded; but need not be discussed. 

To turn now to the scientific views of dust, it may be a matter of surprise 
to some that dust is a colloid, or, as it is termed, an ” aerosol,” or in some 
cases an aerogel,** and may be any size below the ultramicrosoopio, its chief 
cbaractenstic being the tendency to further disintegration. ” Smokes ** are 
regarded as the forerunners of dusts and share with them this property of 
disintegration. Perhaps the most visible effect of the dust laver surrounding 
the globe, or as the author terms it the ” staubosphere ** (though why he 
should borrow a German word is not obvious), is that of scattering the sun*0 
rays and producing, under different conditions, diifbae daylight, the blue of 
the sky and the sunset colours, that is, light of every degree of xefraagibility 
by particles of different sizes. A further property of dust particles is the 
formation of rain; for it is these peurticlee which form the nucleus for vapour 
oondewQsation when the temperature falls. Were it otherwise there would 
be no rain, but water would stream down every solid object with which 
the vapour was in contact. 

The ingenious apparatus devised by Aitken and known as Aitken*s dust* 
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counter is based on the sudden cooling by expansion of saturated air. It 
iweals the number of dust particles in a small chamber of known dimensions 
by the number of drops of water deposited on a squared illuminated field. 
It should be added that other dust counters have been invented and are 
fttlly discussed by the author, notably that by Whytlaw-Gray and Patterson. 

The section on dust in Geology deals generally with abrasion in wind* 
swept areas, effects of rain and rivers in transporting finely divided material 
and dust from volcanic and meteoric sources. The mighty explosion of 
Krakatoa in 1883 produced a cubic mile of dust forming a layer 5 to 15 
miles high which travelled three and a quarter times round the earth and 
continued for years to illumine the evening sunset sky with brilliant colour. 
Other sources of widespread atmospheric dust are the dust storms, which 
in total masses of many tons may travel thousands of miles. We must 
pass over the vegetable dust in the form of spores, seeds, moulds and alg» 
which may be carried, like inert dust particles, many miles and those more 
minute forms of living matter which as pathogenic organisms are only too 
well known as disseminators of disease. 

Of industrial dusts by far the most important is that from coal which 
is responsible for all<too-frequent oolhery explosions. The subject has 
naturally created a very widespread interest cmd attracted many scientists 
whose object has been to provent these disasters. Other dusts, such as those 
from fiour, sugar and starch are liable to explode under certain conditions, 
but none are so sensitive to ignition as that from coal. The results of reseauH^h 
with full references form the pnncipal subject of this section but cannot be 
discussed m a short review. 

From another point of view pulverised coal is a useful combustible which 
has many advantages over the raw material and has been the subject of 
much technical study and now of widespread practical application. One 
interesting phenomenon, which from being a scientific curiosity has developed 
into an industrial process, is the removal of dust by electrical precipitation 
whereby valuable by-products have been regained and prevented from other¬ 
wise contaminating the atmosphere. The above review will convey sm idea 
of the scope and cliaraoier of the book; and it may be added that as far as 
can be judged by one who does not profess to be able to appraise the value 
of each section of the book, it has every appecuranoe of having been con- 
soientiously compiled, and, what is of great importance, contains, in addition 
to the ord^ry indexes, a reference number in the text to an index contain¬ 
ing the names and publications of the various authorities. 

J. B. C. 

Babel, Destiny. Among the Bnsh Negroes of Dutoh Guiana. 

By Mklvxllb and Pranoids Hsbsxovits. [Pp. xviii -f 866, with 15 

plates and maps as end-papers.] (New York and London : Whittlesey 

House^ MoQraw-Hill Book Go., Inc., 1934, 12s. 6d. net.) 

Taos is an anthropological book of an unusual type. It is oast in the form 
of a travel narrative and the anthropological material is incorporated in 
conversational form. This has certain great advantages; many anthropo¬ 
logical books, though they may be of great scientific interest, are not altogether 
good reading; in fact one reads them not for themselves but for the informa¬ 
tion to be dug out of them, and if that is transferred to the notebook or 
memory the book is thenceforward only of value to fill in gaps in these 
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recordB« The present book» however^ has in itself literary and dramatio value 
and should appeal to a wider pubho than the anthropologiat alone. At the 
same tune the authors have done their work in that oarefol and learned 
spirit of mquiry which is always associated with their studies. The dis¬ 
advantage of the method is that the narrative is necessarily somewhat dis¬ 
cursive and the search for facts might be difficult. This is, however, got over 
by the excellence of the index and the care with which the cross-headings 
to the pages have been written. There is a useful appendix and glossary of 
the language, but it would have been interesting if the authors had rather 
enlarged what they have to say on its structure. The illustrations are well 
chosen and mformative. The authors have been at particular pains to 
show the geographic background in which the people live, and this in itself 
adds considerably to the value of the book. 

L. H. D. B. 


An Introduction to the Teaching of Science. By PRorassoB 

E 1 .L 10 T Rowland Downing. [Pp. viii -f 268.] (U.S.A.: University 
of Chicago Press ; Great Bntain and Ireland : Cambridge University 
Press, 1934. 9s. net.) 

This is a revision of the author’s well-known Teaching Science in Schoole, 
and is the text on which he bases his lectures in the Department of Education 
of the University of Chicago. In view of the relative lack of good books 
dealing specifically with the subject, it will probably find a ready welcome. 

Prof. Downing begins by considormg what should be the aims of the 
teacher of science (and this term moludos biology) and the various methods 
available to him. A careful discussion of the merits and demerits of these 
methods follows ctnd there is also a very valuable chapter on the newer ways 
of testing results and achievements. 

An excellent feature of the book is the care with which the author refers 
to specific researches on the points he discusses. All too often—especially 
in England—we argue at great length over such points as to whether indi¬ 
vidual work or demonstrations are more effective, or whether the heurktio 
method is supenor to didactic lecturing, without ever referring to the foot 
that a great deal of objective research has already been done on these points. 
We may doubt whether this research has any real value; but these doubts 
should act as spurs to further effort, and, in any case, it probably hhs more 
value than our (usually groundless) prejudices. 

A wider and more precise philosophical outlook would have improved 
the book. For mstance it might have prevented the author from oonsider- 
ing as one of the fundamental principles of chemistry the idea ” that atoms 
of all elements are made up of equal numbers of positive and negative elec¬ 
trons arranged, etc.” 

The author’s style is occasionally irritating—there are for too many con¬ 
structions such as ” 80 that one is enabled to adjust himself to , . —and 

it is sometimes verbose and obscure. However, in spite of these defects, 
this book contains many good things and will be found of considerable 
interest and utility both by teachers of Science and by students preparing 
themselves for a Diploma in Education. 


J. A. LAtrwxBYS. 
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Deuterium acetate, 106; oxide, 102, 
biology of, 106, reactions with 
hydrogen compoimds, 104 
Deuton, magnetic moment of, 683 
Diamond, structure of, 671 
Dielectno constant, determmation, 636, 
ionisation of, 615, 618; loss angle 
of cables, 614 
Dicecism in fungi, 696 
Diphenyl compounds, stereochemistry 
of, 106 

Dipole moment of molecule, 634 
Diptera, see Recent Advances in En¬ 
tomology, 133, 614 
Dominance theory, 713 
Dyestuffs, aqueous solutions, 496, par¬ 
ticle size, 497 

Early man, 133 
Earth, thermal history, 600 
Earthquake, data of, 42, deep, 49, origin 
of, 42, periodicities, 60, physios of, 
41, waves, 43 
Earthworm and soil, 411 
East Anglia, Pre-Crag man in, 134, 
prehistoric settlement in, 137 
Ecology, see Recent Advances in Botany, 
126, 308, 607, 704 
EffluviumBt gyle's Ewfoya 268 
Effluviums, emoacy of, 257, nature of, 
266, subtilty of, 255 
Eggs, energy relations of, 712, oxygen 
consumption of, 718 
Bgypt, Fisheries of, R. S. Wimpenny, 
210; and Nile floods, 221; edible 
species, 212, fish farms, 218, his¬ 
tory of, 213, research, 226, yield, 
210 

lakes and fisheries, 215, introduction 
of fVy, 216, introduction of mullet, 
216, 210 

sea fisheries, 223, fluctuations, 224 
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Kleotiioal A{maratus and mine ex* 
plosioiiit 444, 446 
Kleotron, mioroeGope, 426 
Eleotron Option, L. C. Martin, 426 
Eleotron rav, foonning by npaoe-oharge, 
432, refraotion, 428 
Eleotrostatio lenaee, 429 
Eleotrovalent linkage of atoms, 626 
Elements, historioaJ account, 58 
Elements, Old and New, J. Kendall, 52 
Ellis and )9-ray spectra, 469 
Enamel vessels, antimony m, 527 
Endocrine glands, recent work on, 314 
Entomology, Beoent Advances in, H. F. 
Barnes, 128, 510; Coleoptera, 131, 
611; Diptera, 133, 514; General, 
128, 513; Hemiptera, 132, 513; 
Hymenoptera, 132, 513 ; L^idop- 
tera, 132, 612 

Ensymes as symplex compounds, 292, 
from blood*oells, 288 
Eocene Europe and Malayan flora, 20 
Eocene (upper) flora, 15 
Evans (U. B.), Corrosion of Metals, 395 

Face, anthropometric measurements, 319 
FaUaise (E. N.), Beoent Advances in 
ArohsBology, 138, 517 
Feather (N.), 1982—and After: The 
New Physics of the Nucleus, 193 
Fermi, induced radioactivity, 208, nu¬ 
clear theory, 469 

Ferromagnetic materials, magnetisation, 
278 

Filament lamps, carbon and tungsten, 
533 

Fire and flame, ponderability of (Boyle), 
258 

Firedamp and mine lamps, 438 ; explo¬ 
sions and electrical apparatus, 444, 
and inflammability, 438, 442; ig¬ 
nition by electric lamps, 445, by 
gob-flres, 448, by heat, 442 
Fish, aerial transport of, 217, farms in 
Egypt, 218 

Fishing net, mesh of, 335 
Flavin pimnents and enzymes, 695 
Flora (BrBish), elfeot of gl^ial period on, 
19, 20 

of London clay, 1-24 
Floral morphology, 705 
Fluid motion, 61-72, and surface friction, 
62 

Fluids, Turbulent Motion of, Q. F. P. 

Tnibridge, 61 
Fluorine, oxides of, 101 
Forces, resultant of, by graphic statics, 
267 

Forest cultures, 517 

Fry, introduction into Egyptian lakes, 
215 

Fungi, aquatic, 706; life history, 596; 
sex m, 594-608, Asoomyoates, 594, 
AsoopAaniis cH*rora, 600, AseeMus 


599, 601, 606, BaMio^ 
fnyceiM, 607, Copimm lagopuBt 606, 
CnomeraUa, 605, Mumaria granu- 
kUOf 509, 602, 603, 604, Hymeno^ 
mycetes, W6, Neurospora, 603, Psm- 
cilUum luUum, 605, Puccinia Qrum- 
tniSf 605, Pyronema conflumB, 595, 
597, 598, Pyronema domesrioiim, 
596 

Fungi, Sex in the Higher, H. C. I. 
Gwynne-Vaughan, 503 

y-rays, nuclear, 196 
Gal^tio rotation, 678 
Galaxy, size of. 675 

Gall midges and host plant, 80, control, 
83, economic importance, 82, his¬ 
tory of, 74, insect numbers, 76, 
larvee, 77-9, parasites, 77, 78, par¬ 
thenogenesis, 75, resistance of plants 
to, 81 

Gall Midges, Some Biological and Eco¬ 
nomic Aspects of, H. F. Barnes, 73 
Gallium, freezing point, 727 
Galls, formation of, 79 
Gamow, and nuclear structure, 467 
Gases, acoustic properties, 114; inves¬ 
tigation by electron beam, 629, 
by infra-r^ absorption, 631, by 
X-rays, 628. 635 

Genetics, Relationship of, to Medicine, 
P. A, Gorer (Essay Review of 
Chances of Morbid Inheritance), 543 
Geology, Recent Advances m, O. W. 
Tyrrell, 118, 293,499, 697 ; Igneous 
rooks, 118, 697, Major Tectonics, 
499, Metamorphio rooks, 298, Sedi¬ 
mentary rocks, 293, Stratigraphy 
and Regional, 499 
Giaoobini-Zinner, meteor, 271 
Gibbs (R. E.)» The Solid State, 661 
Glass and perviousness, Boyle, 263 
Glucophore, 231 
Glycogen m liver, 291 
Gob-Ares and mine explosions, 448 
Gorer (P. A.), Relationship of Genetics 
to Medicine (Essoy Review), 543 
Graphic Statics—A New Approach, 
T. W. HaU, 266 
Greenland, movement of, 326 
Griffith, A. A., and crystal cohesion, 664 
Gwynne-Vai^han (H. C* lOt Bex and 
Higher Fungi, 593 

H*, biological reactions, 59, discovery of, 
58, 201, preparation, 59 
H». 205 

Hair colour and anthropology, 717 
Hall (T. W.)» Graphic Statics—A New 
Approach, 266 

Hawke's Bay Earthquake, 140 
He*, 205 

Heavy water, 58, 102, Bee oho deuterium 
oxide 
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Henwtera^ see K^nt Adv»no6« in 
Entomology, 132, 513 
Herring industry, suggested modifioa- 
tions, 721 

Hotorooycbo compounds, configuration 
of, 490 

Hornbeam, distnbution of, 303 
Hughes (A. H.)> Recent Advances m 
Physical Chemistry, 492 
Humidity and corrosion, 400 
Hydrocarbons, structure of^ 630 
Hydrogen isotopes, 102, mass 2, 58, 
nomenclature, 102 

Hydrogen ion concentration and taste, 
229 

Hydroxyl ion concentration and taste, 
220 

Hymenoptera, see Recent Advances in 
Entomology, 132, 513 

Ice and Raman spectrum, 283, point, 
334 

Igneous corpuscles, Boyle, 261 
Igneous Rocks, Geology and Petrog- 
graphy, 118, 697 

Indian Assoc, for Cultivation of Science, 
Re^rt 1932, 143 

Indian Lao Industry, T. Hedley Barry, 
456 

Indicators and ultrasoiuc waves, 112 
Insect numbers, 76,129 ; parasitism, 130 
Insects and high temperature, 129, 
biological control, 131 
Integers, factorisation, 89 
lomo micelles, 493 
Ionosphere, 332 

Iron, corrosion by potassium chloride, 
401 

Isomers and taste, 233 
Isotopes, 55, 102 
Isotopic weights, 149 

Jan Mayen drift, 528 
Jupiter, atmosphere of, 94 

Earman and fluid motion, 65, formula 
and eddy stress, 66 
Kefir, 239 

Kendal] (J.), Elements Old and New, 62 
Kermaok (W. 0.), Recent Advances in 
Biochemistry, 287, 692 
Kerr effect and moloctilar structure, 637 
Krafft pomt, 496 

Lac, insect, 459, fertilisation, 461, host, 
460, life cycle, 461, mechanical pro¬ 
duction, 464, production of, 468, 
resin industry, 456 
Lachish, arohssolo^ m, 522 
Lactoflavin and Vitamin B., 092, light 
on, 694 

Lake (P.)* Rivers of Wales and i^eir 
conneotion with the Thames, 25 
Larva, development and habitat, 712 


Lawrence (A. S. 0.). Pol3rmers, 244 
Leaf, anatomy of, 302, f^l and soil, 414 
Lenses, electrostatic, 420, magnetic, 432 
Leonidis, lummosity, 274 
Lepidoptera, see JEleoent Advances in 
Entomology, 132, 512 
I.<owi8, Livmgston and Lawrence, 204 
Light, absorption by nebulae, 675, space, 
676 , scjattering by fluids, 96 
Lightnmg, nature of, 688 
Limestones, geology of. 296 
Limits of Science, G. Bumiston Brown, 
{Essay Review of Scientific Theory 
and Religion, God and the As- 
tonorners, and Limitations of 
Science), 729 
Lmear congruences, 472 
Lineus development of, 711 

Lipoohrome pigments, 292 
Liquids, cellular motion in, 385 et sea .; 
experiments with scattered light, 
96; structure of, 96; supersonic 
waves m, 98, 99 

London Clay Flora, E. M. Reid and 
Miss M E. J. Chandler, 1 
London clay, extinct flora m, 5; flora 
of, 1, and climate, 9-14, oompanson 
with Mesozoic flora, 14, comparison 
with tropical flora, 8, comparison 
with Uiyer Eocene flora, 16, 
method of identification, 4 ; forma¬ 
tion of, 2 

Longitude Observations m Greenland, 
326; in Jan Mayen and Continental 
Drift, 628 

Lymaflfdtva, intersexuality in, 718 
Lyochromo pigments, 292 

Magnetic Materials at Radio Fre¬ 
quencies, 322 

Magnetism and mechanical properties, 
279, 280, new conceptions, 277 
in London clay, 7 

Malayan Flora in England, A. C. 
Seward, 1 

Malayan flora in Eocene Europe, 20 
Mammoth Remains m Russia, 328 
Man, ancestors, 716, taxonomic posi^ 
tion, 716 

Mars, atmo^here of, 92, temperature, 93 
Martin (L. C.), Electron Optics, 426 
Mass spectrograph, isotopic weights, 149 
Matter, early theories of, 52 
MoKie (D,), Boyle's Essays of Sifflsiviume, 
263; Daniel Rutherford and the 
Discovery of Nitrogen, 650 
Mee J.), Structure of Molecules, 624; 
Taste and Chemical Constitution* 
228 

Melilotus alba, biology of, 125 

MercuriaUs annua* 705 

Mercury orystals, strength of* 669; 

rotation of, 91, spectrum, 91 
Mesolithic age* 517 
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Meaossoio flora* 14 

Metallic oompounda and Law of Definite 
Proportions* 39d 

Metals, action with halogens, 398, cor¬ 
rosion of, 395 ; oxidation film, 397 
Metamorphism and metamorphic rooks, 
298 

Meteor, Arizona Expedition, 276 ; Har¬ 
vard Survey, 276 ; luminosity of, 
271; observations from aeroplanes, 
274 , stream, 274; trail and upper 
atmosphere, 286 

Meteorites, mass and velocity of, 276 
Meteorology, Keoent Advances m, E. V. 
Newnliam, 284, 687 

Methane explosions in nunos, see Fire¬ 
damp 

Mica, radioactivity in, 280, tensile 
stren^h of, 666 

Micelles, ionic, 493; size emd com¬ 
position, 497 

Microbes m Association, H. Nicol, 236 
Mioroseisms, 51 
Microscope, electron, 426 
Milk, bacterial fermentation, 239 
Milue (E. A.), Limitations of General 
Relativity (Essay Mevtew)^ 534 
Mme explosions, 44^-8; and electrical 
apparatus, 444, and explosives, 449 ; 
mvestigations, 442 

Mine Explosions, Prevention of, J. W. 
Whitaker, 438 

Mine ventilation, 1911 Act, 441 
Molecular structure and Raman spec¬ 
trum, 632; by Kerr effect, 637 ; 
dipole moment and structure, 634 ; 
mter-nuolear distance, 628; mo¬ 
ment of inertia, 631 

Molecules, Structure of, A. J. Mee, 624 
Monoiropa hypo^ys^ symbiosis of, 704 
Morphogenetic Fi^ds, C. H. Wadding- 
ton (Essay Review of Elements of 
Experimental Embryology), 336 
Morphology, Reproductive, see Keoent 
Advances in Botany, 509, 705 
Mosses, leaf structure, 128 
Moy-Thomas (J. A.) [G. R. de Boer andj, 
Recent Advances m Zoology, 313, 
711 

Mullet, introduction mto Egyptian lakes, 
216, 219 

KebulsB, absorption of light by, 675, 
extra-galaotio, 680 
Neolithic Age m W. Europe, 137 
NephridiA of Amphioxus, 313 
Neutrino, 468 

Neutron, 467, discovery of, 200 
Newnham (E. V.)* Recent Advances in 
Meteorology, 284, 687 
Nickel, magnetic properties, 278 
Nicol (H.), Microbes m Association, 236 
Nile, flsheries, 212 
Nipa in London clay, 6, 22 
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Nitrogen, Discovery, and Daniel Ruther* 
ford, D. MoKie, 660; Priestley^a 
discovery, 651; tetroxide, diacK)- 
ciation and sound velocity, 114; 
transport, and storage in plants, 307 
Nitrous oxide, structure of, 633 
Normal Numbers, 472 
Nuclear spin, 681 

Nucleus, atomic, 193-209; /3-ray disin¬ 
tegration, 468; magnetic properties 
of, 684 , mass defect of, 466 ; struc¬ 
ture of, 467 

Ohm, thermal, 619 
Oils, for cable insulation, 612 
Ohphant, Kinsey and Rutherford, 204 
Oxidation, Boyle's experiments, 258; 

of metals, see Corrosion, 396 
Oxide film on metals, 397 
Oxides, new, 101 

Oximes, configuration of, 484, dipole 
moment of, 489, physical proper¬ 
ties, 487 

Oxygon, catalyst of polymerisation, 249 
Ozone, atmospheric, 286 

Palsiohthio man in Nile Valley, 135 
Palreontology, see Recent Advances m 
Zoology, 315, 714 
Paper as cable insulator, 611, 620 
Peking man, 133, 316, jaw of, 318, teeth 
of, 317 

Permeabihty of plant cells to electro¬ 
lytes, 711, non-electrolytes, 709, 
urea, 707, 709 

Phonyloarbamido, taste of, 234 
Phlogiston and Priestley, 653 
Physical Anthropology, Recent Ad¬ 
vances in, L. H. Dudley Buxton, 
316, 715 

Physical Chemistry, Recent Advances 
in, A. H Hughes, 492, O, H. Wans- 
brough Jones, 110 

Physics, International Conference, 478; 
New Ideas m Modem, L. F. Bates, 
466; Recent Advances in, L. F. 
Bates, 96, 277, 478, 681 
Piano touch and tone, 720 
Planets, atmosphere of, 90-4 
Plant cells, permeability to electrolytes, 
711, non-electroly^, 709, urea, 
707, 709 

Plant Physiology, Reoent Advances m, 
W. StUes, 307. 707 

Plants and sex, 593; migration of, 6; 
transport of carbon m, 310, of 
nitrogen in, 307, of phosphorus, 
potassium, calcium, 311 
Platinum, freezing pomt, 150, 685 
Pieochroio Haloes, 280, and age of 
earth, 282, photometry, 281 
Pluto, discovery of, 95, spectrum of, 94 
Polarisation, atomic, 634 
Pollen analysis, 705 
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PolymeriMtion, meohaniim of, 248, 
oxygen oatalyst, 249 
Polymer molecules, physical properties, 
260 

Polymers, A. S. C. Lawrence, 244 
Polymers, dismtegration of, 240, shape 
of, 247, viscosity of, 261, X-ray 
exammation, 250 
Positron, 207, 467 
Potassium, rckliaaotivity of, 67 
Pre-Cambrian Assoc. (Scottish), 528 
Pre-Crag man in East Ax^lia, 134 
Prehistonc settlement m E. Africa, 137 
Proteins, colloidal properties, 493, 498 
Proton, dismtegration by, 202; mag¬ 
netic moment of, 683 
Pure Mathematics, Recent Advances in, 
E. Maitland Wright, 87, 470; 
Integers factorisations, 89, Lmear 
Congruences, 472, Normal Numbers, 
472, Quadratic Fields, class numbers 
m, 470, Qumtic Equation, 471; 
Waring's Problem, 87 

Radioactivity, induced, 100 
Radio Research Board Report, 332 
Raman effect, 144 ; spectrum and mole¬ 
cular structure, 632 

Relativity, Limitations of General, E. A. 
Milne (Essay Review of Relativity, 
Thermodynamics, and Cosmology), 
534 

Resms and polymers, 250 
Reynolds niun^r and turbulent motion, 
61 

Rhodmus prolixus, cuticle of, 128 
Rhodium, melting point, 334 
Rickets and anthmpology, 718 
Rock-salt, structure of, 669, 670 
Roots, adventitious development, 302; 

development and noil depth, 415 
Rubber, chlorinated, 144 
Rutherford, Darnel, Discovery of Ni¬ 
trogen, D. McKie, 660 

Salisbury (E. J ), Recent Advances in 
Botany, 126, 302, 607, 704; 

Soil Structure m Relation to Vegeta¬ 
tion, 409 

Salt Lake Region, vegetation of, 126; 

marsh vegetation, 127 
Sand-dunes, sod temperature of, 127 
Sandy soil, penetrability, 420 
Sardine and Egyptian fisheries, 225 
Saturn, atmosphere of, 94 
Schwassmann-Wachmann comet, 474 
Serose (F. J.), Modem Seismology, 41 
Sea-trout, 723 

Sedimentation and Sedimentary Rocks, 
293 

Seeds, and animal dispersal, 704 
Seismograph, 43-8 

Seismology, Modem, F. J. Scrase, 41 
Severn, course of, 38; Upper, 28 


Seward (A. C.), An Extinct Malayan 
Flora m Finland, 1 

Sex in the Higher Fungi, H. C. I. 

Qw3rrme-yaughan, 593 
Shellac, see Lao, 456 
Siberia, mammoth remains, 323 
Silicosis, minerals causing, 324 
Single crystals, metal, 668 
Slip planes m crystals, 668 
Sou, acidity and demth, 422; and 
carbon dioxide, 413; and leaf-fail, 
414, and vegetation, 507; con¬ 
ductivity and dielectric constants, 
333; constituent parts, 412 ; depth 
and organic content, 416, and root 
development, 415, water content, 
417 ; leeching of, 409, 411, carbon¬ 
ate, 410 ; microbiology m U.8.S.R., 
524; organic oontemts, 416, and 
pore space, 418; organisms, esti¬ 
mation, 413 ; pore space and water 
transport, 421, and temperature, 
421 ; soluble constituents and water 
movement, 409; structure and 
plant roots, 410 

Structure m Relation to Vegetation, 
E. J. Salisbury, 409 
water content and root development, 
418, and penetrability, 419 
Solar radiation, extreme ultra-violet, 531 
Solid State, R. E. Gibbs, 661 
Sound dispersion and heat-oapaoity, 114; 
pitch and loudness, 727; velocity 
and relaxation times of molecules, 
116; velocity m gases, 684 ; waves 
and chemical systems, 110 
Specific heat of gas at high tempera¬ 
tures, 684 

Stiles (W.), Recent Advances m Plant 
Physiology, 307, 707 
Stone Age in N. Afriqa, 521 
Stoss reaction, 483 
Sublittoral eoolo^, 306 
Sulphur monoxide, 101 
Sun, motion of, 680 

Sweetness and chemical constitution, 231 
Symplex compounds, 291 

Taate and Chemical Constitution, A. J. 
Mee, 228 ; and isomers, 233 * and 
organic compounds, 230 ; of hydro¬ 
gen and hydroxyl ions, 229 
Taylor, G. I., and crystal physios, 672 
Teeth of early man, 317 
Telescope mirrors, aluminium-coated, 
277 ; new, Greenwich and Toronto, 
276 

Tell Duweir, Archaoology, 522 
Tethys ocean, 10, 13 
Thames and connection with Rivers of 
Wales, P. Lake, 25 
Thames, tributaries of, 37 
Thianthron, configuration of, 491 
Thunder storms, theory of, 687 
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Thymus, development of, 814 
Time observation, disoordanoes in, 475 
Tin research, 532 
Transformer, high tension, 622 
Transpiration, rate of, 312 
Tropical diseases, report on, 723 
Troposphere, 284 

Trubndgo (O. F, P.)» Turbulent Motion 
of Fluids, 61 

Tyrrell (G. W.), Recent Advances m 
Geology, 118, 283, 499, 697 

XJltrasonio waves and gels, 111 
Utah Lake and anthropology, 717 

Vegetation and soil, 507 
Venus, atmosphere of, 92 
Vessels in cryptograms, 303 
Vitamin B|, synthesis of, 692 ; B4, 694 ; 

C, synthesis of, 693 
Vyrnwy, River, 33 

Waddington (C. H.), Morphogenetic 
Fields {Esaay Review), 336 
Wales, cretaceous topography and rivers, 
34; rivers, development, 33 
Wales, Rivers of, and their connection 
with the Thames, P. Lake, 25 
rivers of, map, 26; nver systems, 
origm, 35 ; nver valleys, course of, 
30 ; topography and rivers, 27, 28 ; 
topography of rivers, 31 
Walker (Bir Gilbert), Clouds in Sky and 
Laboratory, 385 
Walnut m London clay, 6 
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Wansbrough*Jones (O. H.)f Recent Ad¬ 
vances in Physical Chemistry, 110 
Waring’s Problem, 87 
Water, constitution, and Raman spec¬ 
trum, 282; isotopic composition, 
333 ; molecular structure of, 633 ; 
pollution and trade effluents, 726 
Watches, hair^spring, 334 
Wegoner’s Contmental Drift, 326, 528, 
hypothesis, 12 

Whitaker (J. W.). Prevention of Mme 
Explosions, 438 

Wiederaann-Franz Law, extension of, 
686 

Wnnpenny (R. S.)r Fisheries of Egypt, 
210 

Wood anatomy and position in tree, 705 
Wright (E. Maitland), Recent Advances 
in Pure Mathematics, 87, 470 
Wrigley (R. W.), Recent Advances m 
Astronomy, 90, 271, 472, 673 

X-rays and crystals, intensity measure¬ 
ments, 629 

Yeast, diseases of, 238 
Yoghurt, 239 

Zoology, Recent Advances m, G, R. de 
Beer and J, R. Moy-Thomas, 313, 
711 , Palaeontology, 315, 714, Gen¬ 
eral, 711, Genetics, 713 
Zuckerman (S.)» Interpretation of Am- 
mal Behaviour, 639 
Zwioky on crystal lattice, 069 
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Agger (L. T,), Alternating Currents, 554 
Allso^ (C, B.) [F. Twym^ and). The 
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photometiv with Hilger Instru¬ 
ments, 2na ed., 765 

Alternating Currents, L. T. Agger, 554 
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Briggs, 570 
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Russell, 368 
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ERRATUM 

Vol. XXVIII, pa^ 685, line 24, for “ Sir Humphry Davy ” read “Dr. John 
Davy, brother of Sir Humphry Davy.” 






